The Impact of Greater Peoria Sanitary District Ammonia Discharges on Illinois River Water Quality by Butts, Thomas A. et al.
State Water Survey Division 
WATER QUALITY SECTION 
AT 
PEORIA, ILLINOIS 
Illinois Department of 
Energy and Natural Resources 
SWS Contract Report 373 
THE IMPACT OF GREATER PEORIA SANITARY DISTRICT 
AMMONIA DISCHARGES ON ILLINOIS RIVER WATER QUALITY 
by 
Thomas A. Butts, Dana B. Shackleford, Thomas £ Hill, 
and Ralph L Evans 
Prepared for the 





General information 1 
Regulatory implications 3 
Scope and purpose of study 5 
Acknowledgments 5 
Methods and procedures 6 
Water quality sampling procedures 6 
Water quality analytical procedures 8 
Mixing zone and effluent dispersion sampling procedures 8 
Establishment of sampling stations 8 
Dye injection procedures 11 
River sampling methodology 14 
Prerun preparation 18 
Dye analytical measurement procedures 25 
Other data collection procedures 26 
Data preparation and reduction procedures 28 
Results 32 
Water quality sampling results 32 
Dye mixing and dispersion 44 
DO-BOD model simulations 46 
Discussion 116 
Toxicity implications 116 
Ammonia oxidation implication 119 
Mixing zone and dispersion considerations 120 
Summary and conclusions 134 
References 137 
Appendices 
Appendix A. Equipment and material specifications 139 
Appendix B. Field data forms 143 
Appendix C. River water quality results 147 
Appendix D. Illinois State Water Survey 1978 through 1983 
biweekly ammonia-N, river temperature, and pH data plus 
GPSD ammonia-N data for corresponding dates 155 
Appendix E. Monthly summaries of GPSD ammonia-N concentrations 
and loads for the years 1978 through 1984 163 
Appendix F. Surface dye percentage values for the ten 
dye run dates 169 
Appendix G. Locations of the maximum dye percent at each 
transect sampled during the ten dye run dates 181 
Appendix H. Data used to develop mixing zone criteria 187 
Appendix I. Figures showing the transverse distribution 
of the tracer dye 189 
T H E I M P A C T O F G R E A T E R P E O R I A S A N I T A R Y D I S T R I C T 
A M M O N I A D I S C H A R G E S O N I L L I N O I S R I V E R W A T E R Q U A L I T Y 
by 
T h o m a s A . B u t t s , D a n a B . S h a c k l e f o r d , T h o m a s E . H i l l , a n d 
R a l p h L . E v a n s 
I N T R O D U C T I O N 
T h e I l l i n o i s P o l l u t i o n C o n t r o l B o a r d ( I P C B ) a n d the 
I l l i n o i s E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( I E P A ) a r e c o n c e r n e d 
a b o u t a m m o n i a - n i t r o g e n ( a m m o n i a - N ) i n s u r f a c e w a t e r b e c a u s e i t 
c a n b e t o x i c t o fish u n d e r c e r t a i n c o n d i t i o n s a n d b e c a u s e its 
b i o - o x i d a t i o n can d e p r e s s d i s s o l v e d o x y g e n ( D O ) 
c o n c e n t r a t i o n s . T h e I P C B a n d IEPA h a v e f o r m u l a t e d a n d 
p u b l i s h e d r u l e s a n d r e g u l a t i o n s t o c o n t r o l a m m o n i a - N 
c o n c e n t r a t i o n s i n w a s t e w a t e r e f f l u e n t s a n d s u r f a c e w a t e r s o f 
the s t a t e . G e n e r a l l y , t h e s e r u l e s a n d r e g u l a t i o n s a r e 
d e s i g n e d t o d i r e c t l y s a f e g u a r d the w a t e r q u a l i t y o f r e c e i v i n g 
s t r e a m s . H o w e v e r , o n e s p e c i a l r u l e s o m e w h a t a r b i t r a r i l y 
l i m i t s a m m o n i a - N c o n c e n t r a t i o n s i n e f f l u e n t s f r o m t r e a t m e n t 
p l a n t s h a n d l i n g 5 0 , 0 0 0 o r m o r e r a w p o p u l a t i o n e q u i v a l e n t s ( P E ) 
d i s c h a r g i n g t o the I l l i n o i s W a t e r w a y t o 2.5 m g / l d u r i n g A p r i l 
t h r o u g h O c t o b e r , and to 4 m g / l at o t h e r t i m e s . 
T h e G r e a t e r P e o r i a S a n i t a r y D i s t r i c t ( G P S D ) t r e a t s a r a w 
P E c o n s i d e r a b l y i n e x c e s s o f 5 0 , 0 0 0 . C o n s e q u e n t l y , the G P S D 
a p p r o a c h t o a m m o n i a - N r e m o v a l i s p r e d i c a t e d o n a n d d i c t a t e d b y 
t h i s r e s t r i c t i o n . H o w e v e r , G P S D o f f i c i a l s q u e s t i o n w h e t h e r 
a d h e r e n c e to this r u l e is e s s e n t i a l for a c h i e v i n g or 
m a i n t a i n i n g s t r e a m w a t e r q u a l i t y s t a n d a r d s b e l o w the p l a n t 
o u t f a l l . A s t u d y c o n d u c t e d b y the W a t e r Q u a l i t y S e c t i o n o f 
the I l l i n o i s S t a t e W a ter S u r v e y ( I S W S ) w a s d e s i g n e d t o p r o v i d e 
a n a n s w e r t o this q u e s t i o n . 
G e n e r a l I n f o r m a t i o n 
T h e G r e a t e r P e o r i a S a n i t a r y D i s t r i c t s e w a g e t r e a t m e n t 
p l a n t i s l o c a t e d s o u t h o f P e o r i a w i t h the e f f l u e n t d i s c h a r g i n g 
t o the I l l i n o i s W a t e r w a y a t r i v e r m i l e p o i n t 1 6 0 . 1 C s e e f i g u r e 
1 ) . It is a h i g h r a t e a c t i v a t e d s l u d g e p l a n t u t i l i z i n g the 
K r a u s p r o c e s s o f r e t u r n i n g d i g e s t e d s l u d g e t o the a e r a t i o n 
s y s t e m . S p e c i a l t r e a t m e n t i s p r o v i d e d for a m m o n i a - N r e m o v a l : 
the s e c o n d a r y e f f l u e n t i s p a s s e d t h r o u g h 8 4 r o t a t i n g 
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Figure 1. Study area and vicinity map 
2 
biological contactors which support a large population of 
nitrifying bacteria. Deep tertiary sewage ponds are used to 
remove suspended solids (SS) and some biochemical oxygen 
demand ( B O D ) . The effluent is chlorinated. 
The plant is designed to handle an average hydraulic load 
of 37 million gallons per day ( m g d ) . The preliminary and 
primary treatment facilities can handle a maximum flow of 154 
mgd, of which 60 mgd can be routed through the secondary 
treatment phase. The average annual dry weather flow 
presently runs about 25 mgd. The average design waste loading 
is approximately 120,000 pounds per day of 5-day BOD 
(approximately 706,000 PE) and 132,000 pounds per day of 
suspended solids. 
In the past, the plant received heavy industrial waste 
loads from three major industries: Pabst Brewing C o m p a n y , 
Hiram Walker Distillery, and Bemis Bag Company. These wastes 
were highly organic and composed mostly of carbonaceous 
m a t e r i a l . Presently only Bemis is operating; Pabst Brewing 
has shut down, and the Hiram Walker Distillery has been taken 
over by Archer Daniels Midland Company (ADM) for the 
production of commercial grade a l c o h o l . It produces more 
wastes than the old Hiram Walker operation. 
Regulatory Implications 
IEPA rules and regulations pertaining to effluent 
discharge and stream water quality standards are contained in 
State of Illinois Rules and Regulations, Title 3 5 : 
Environmental Protection, Subtitle C: Water Pollution, Chapter 
I: Pollution Control Board, dated April 1, 1984. Five sections 
within these rules and regulations are pertinent to ammonia-N 
relative to general water use. These are: 
Section number Subject 
302.210 Substances Toxic to Aquatic Life 
3 0 2.2 12 Ammonia Nitrogen and Un-ionized Ammonia 
304.105 Violation of Water Quality Standards 
304.122 Nitrogen 
304.301 Exceptions for Ammonia Nitrogen Water 
Quality Violations 
Four of the five sections are related to stream water 
quality standards; the exception is rule 3 0 4 . 1 2 2 , which 
arbitrarily limits ammonia discharge concentrations 
irrespective of receiving stream water quality c o n d i t i o n s . 
The four general rules are designed to limit effluent ammonia 
discharges only to the degree needed to meet stream 
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s t a n d a r d s . I n c o n t r a s t , p a r a g r a p h a ) o f S e c t i o n 3 0 4 . 1 2 2 
st i p u l a t e s : 
N o e f f l u e n t f r o m a n y s o u r c e w h i c h d i s c h a r g e s t o the 
I l l i n o i s R i v e r , the D e s P l a i n e s R i v e r d o w n s t r e a m o f 
its c o n f l u e n c e w i t h the C h i c a g o R i v e r S y s t e m o r the 
C a l u m e t R i v e r S y s t e m , and w h o s e u n t r e a t e d w a s t e load 
i s 5 0 , 0 0 0 o r m o r e p o p u l a t i o n e q u i v a l e n t s shall 
c o n t a i n m o r e than 2.5 m g / l of a m m o n i a - n i t r o g e n as N 
d u r i n g the m o n t h s of A p r i l t h r o u g h O c t o b e r , or 4 
m g / l a t o t h e r t i m e s . 
O n l y t h r e e g o v e r n m e n t a l a g e n c i e s o p e r a t i n g s e w e r a g e w o r k s 
fall u n d e r this r u l e . T h e y a r e the M e t r o p o l i t a n S a n i t a r y 
D i s t r i c t o f G r e a t e r C h i c a g o ( M S D ) , the city o f J o l i e t , and the 
G r e a t e r P e o r i a S a n i t a r y D i s t r i c t . T h e s e t h r e e a g e n c i e s m u s t 
c o m p l y w i t h the a b o v e r e g u l a t i o n e v e n i n the a b s e n c e o f 
e v i d e n c e that s t r e a m w a t e r s t a n d a r d s a r e b e i n g v i o l a t e d . 
S o m e j u s t i f i c a t i o n e x i s t s for l i m i t i n g a m m o n i a - N 
c o n c e n t r a t i o n s i n the e f f l u e n t s f r o m the v a r i o u s M S D p l a n t s 
and J o l i e t . B u t t s e t a l . ( 1 9 7 5 ) s h o w e d that a m m o n i a - N l o a d s 
o r i g i n a t i n g a b o v e r i v e r m i l e 2 7 3 , near the j u n c t i o n o f the D e s 
P l a i n e s a n d K a n k a k e e R i v e r s , m u s t b e r e d u c e d s i g n i f i c a n t l y i f 
d i s s o l v e d o x y g e n l e v e l s a r e t o b e i m p r o v e d d o w n t o C h i l l i c o t h e 
( m i l e 1 7 9 ) . O x y g e n s u p p r e s s i o n a l s o o c c u r s i n the L a G r a n g e 
pool b e l o w P e o r i a , but two r e l a t i v e l y r e c e n t s t u d i e s ( B u t t s e t 
a l . [1981] and B u t t s e t a l . [ 1 9 8 3 ] ) i n d i c a t e s o m e w h a t 
i n d i r e c t l y that p r e s e n t G P S D a m m o n i a - N d i s c h a r g e s p r o b a b l y 
h a v e m i n i m a l e f f e c t o n the D O r e s o u r c e s o f the L a G r a n g e p o o l . 
B u t t s e t a l . ( 1 9 8 1 ) s h o w e d that d u r i n g d r y , w a r m 7 - d a y , 
1 0 - y e a r low f l o w s the o x y g e n d e m a n d w a s 5 7 p e r c e n t 
c a r b o n a c e o u s , 1 3 p e r c e n t n i t r o g e n o u s ( a m m o n i a - N o x i d a t i o n ) , 
and 3 0 p e r c e n t s e d i m e n t o x y g e n d e m a n d . A B O D - D O m o d e l s t u d y 
c o n d u c t e d b y B u t t s e t a l . ( 1 9 8 3 ) r e v e a l s t h a t , for 7 - d a y , 
1 0 - y e a r low f l o w s , the t i m e o f t r a v e l b e t w e e n C h i c a g o and 
P e o r i a is so g r e a t that m o s t of the c a r b o n a c e o u s a n d 
n i t r o g e n o u s d e m a n d w o u l d b e e x e r t e d b e f o r e i t r e a c h e s the 
P e o r i a a r e a . C o n s e q u e n t l y , the r e s i d u a l C h i c a g o a r e a l o a d s 
c o m b i n e d w i t h the G P S D i n p u t s a r e s o small that they h a v e v e r y 
l i t t l e i m p a c t o n L a G r a n g e pool D O r e s o u r c e s . 
T h e q u e s t i o n that n e e d s t o b e r e s o l v e d b a s e d o n the f a c t s 
p r e s e n t e d a b o v e i s w h e t h e r the r e s t r i c t i v e l i m i t a t i o n s i m p o s e d 
u p o n the G P S D t r e a t m e n t p l a n t as set f o r t h in p a r a g r a p h a) of 
S e c t i o n 3 0 4 . 1 2 2 are e s s e n t i a l i n p r e v e n t i n g w a t e r q u a l i t y 
s t a n d a r d v i o l a t i o n s i n the I l l i n o i s R i v e r b e l o w P e o r i a . T h i s 
s t u d y w a s d e s i g n e d and i m p l e m e n t e d t o a n s w e r this q u e s t i o n . 
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S c o p e a n d P u r p o s e o f S t u d y 
T h e p r i m a r y p u r p o s e o f t h i s s t u d y w a s t o d e t e r m i n e the 
m a x i m u m a m m o n i a c o n c e n t r a t i o n s w h i c h w o u l d b e p e r m i s s i b l e i n 
the G P S D - t r e a t e d e f f l u e n t t o e n s u r e t h a t : 
1 . I l l i n o i s R i v e r w a t e r a m m o n i a - N l e v e l s a r e not r a i s e d 
t o l e v e l s w h i c h a r e t o x i c t o n a t i v e f i s h a s s p e c i f i e d 
in S e c t i o n 3 0 2 . 2 1 0 . 
2 . I l l i n o i s R i v e r a m m o n i a - N w a t e r q u a l i t y s t a n d a r d s a r e 
not v i o l a t e d a s s p e c i f i e d i n S e c t i o n 3 0 2 . 2 1 2 . 
3 . I l l i n o i s R i v e r d i s s o l v e d o x y g e n w a t e r q u a l i t y 
s t a n d a r d s a r e not v i o l a t e d a s s p e c i f i e d i n S e c t i o n 
3 0 2 . 2 0 6 . 
H i s t o r i c a l d a t a o n a m m o n i a - N , t e m p e r a t u r e , a n d p H , 
c o l l e c t e d w e e k l y b y the I S W S a t r i v e r m i l e 1 6 1 . 6 C 1 . 5 m i l e s 
a b o v e the G P S D o u t f a l l ) , w e r e u s e d t o p a r t i a l l y a s s e s s the 
i m p l i c a t i o n s o f a c u t e t o x i c i t y . D a t a f r o m J a n u a r y 1 9 7 8 
t h r o u g h N o v e m b e r 1 9 8 4 w e r e a s s e m b l e d a n d r e v i e w e d t o p r o v i d e 
b a c k g r o u n d i n f o r m a t i o n o n w a t e r q u a l i t y c o n d i t i o n s a b o v e the 
G P S D d i s c h a r g e . I n a d d i t i o n , n e w s t r e a m w a t e r q u a l i t y d a t a 
w e r e g e n e r a t e d a b o v e the p l a n t , i n the v i c i n i t y o f the 
o u t f a l l , a n d a p p r o x i m a t e l y 2 m i l e s b e l o w the p l a n t o n a w e e k l y 
b a s i s o v e r a 4 - m o n t h s p a n . F l u o r e s c e n t d y e w a s u s e d t o t r a c e 
the m i x i n g a n d d i s p e r s i o n c h a r a c t e r i s t i c s o f the e f f l u e n t w i t h 
the r i v e r . T h i s w a s n e e d e d a s p a r t o f the s t u d y b e c a u s e 
S e c t i o n 3 0 2 . 1 0 2 o f the I P C B R u l e s a n d R e g u l a t i o n s p e r m i t s 
w a t e r q u a l i t y s t a n d a r d v i o l a t i o n s w i t h i n a p r e s c r i b e d a r e a o f 
the r e c e i v i n g s t r e a m , d e f i n e d a s a m i x i n g z o n e . T h e I S W S 
B O D - D O w a t e r q u a l i t y m o d e l w a s u s e d t o p r e d i c t D O 
c o n c e n t r a t i o n i n the L a G r a n g e pool u n d e r v a r i o u s f l o w a n d 
w a s t e load s c e n a r i o s . 
A c k n o w l e d g m e n t s 
T h i s s t u d y w a s s p o n s o r e d a n d f u n d e d b y the G r e a t e r P e o r i a 
S a n i t a r y D i s t r i c t . T h e w o r k w a s p e r f o r m e d u n d e r the g e n e r a l 
s u p e r v i s i o n o f the C h i e f o f the I l l i n o i s S t a t e W a t e r S u r v e y . 
T h e e n t i r e s t a f f o f the W a t e r Q u a l i t y S e c t i o n o f the W a t e r 
S u r v e y p a r t i c i p a t e d i n s o m e p h a s e o f the s t u d y a t v a r i o u s 
t i m e s . S p e c i f i c a l l y , t h a n k s a r e e x t e n d e d t o Jud W i l l i a m s , 
B r e n t G r e g o r y , John M a t h i s , a n d H a r v e y A d k i n s w h o s p e n t m a n y 
d i f f i c u l t a n d t r y i n g h o u r s c l e a r i n g a w a y I l l i n o i s R i v e r 
" j u n g l e , " f i g h t i n g off b a r g e s , and p o u n d i n g 2 x 2's to 
e s t a b l i s h s a m p l i n g t r a n s e c t s . S i m i l a r t h a n k s a r e e x t e n d e d t o 
B a r t D o t y a n d his G P S D s u r v e y i n g c r e w w h o b a t t l e d the 
" j u n g l e , " m u d , h i g h w a t e r , and g e n e r a l c o n f u s i o n t o e s t a b l i s h 
the e x c e l l e n t s u r v e y b a s e l i n e that the s a m p l i n g t r a n s e c t s w e r e 
tied i n t o . A l s o , t h a n k s a r e g i v e n t o D o n R o s e b o o m , D o n 
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S c h n e p p e r , D a v e H u l l i n g e r , R a m a n R a m a n , D a v e B e u s c h e r , a n d 
L i n d a J o h n s o n w h o s p e n t long h o u r s o n s a m p l i n g boat a n d / o r 
l a b o r a t o r y s e a t s p e r f o r m i n g r o u t i n e d u t i e s . 
W i t h o u t the e x p e r t a d v i c e a n d g u i d a n c e o f B o b T o l f and 
L a r r y H u g h e s o f the G P S D , s e v e r a l p h a s e s o f the s t u d y w o u l d 
h a v e b e e n m u c h m o r e d i f f i c u l t , and t h e i r input i s g r e a t l y 
a p p r e c i a t e d . S p e c i a l t h a n k s a r e e x t e n d e d t o the U n i t e d S t a t e s 
G e o l o g i c a l S u r v e y for t h e i r loan o f a n A m i n c o f l u o r o m e t e r . 
T h e i l l u s t r a t i o n s w e r e p r e p a r e d b y J o h n B r o t h e r , J r . , 
L y n n W e i s s , a n d W i l l i a m M o t h e r w a y , J r . , a n d the o r i g i n a l 
m a n u s c r i p t w a s e d i t e d b y G a i l T a y l o r . A l s o , R o b e r t S i n c l a i r 
m a d e a m a j o r c o n t r i b u t i o n to the p r e p a r a t i o n of a l a r g e n u m b e r 
o f r e p o r t f i g u r e s v i a the u s e o f h i s P r i m e c o m p u t e r d i g i t i z i n g 
p r o g r a m , w h i c h w a s u s e d for p l o t t i n g the l a r g e n u m b e r o f 
c o n t o u r f i g u r e s c o n t a i n e d h e r e i n . S p e c i a l m e n t i o n i s d u e 
J a m e s C a r l i s l e , E x e c u t i v e D i r e c t o r o f the G r e a t e r P e o r i a 
S a n i t a r y D i s t r i c t , s i n c e h e o r i g i n a l l y e n v i s i o n e d the n e e d for 
the s t u d y a n d p r o v i d e d n e e d e d a s s i s t a n c e t h r o u g h o u t . 
M E T H O D S A N D P R O C E D U R E S 
T h e s t u d y had two p r i n c i p a l c o m p o n e n t s . O n e w a s 
b a s i c a l l y a w a t e r q u a l i t y s t u d y o f the r i v e r , w h i l e the o t h e r 
w a s a h y d r a u l i c s t u d y o f e f f l u e n t m i x i n g w i t h r i v e r f l o w . T h e 
two c o m p o n e n t s , h o w e v e r , a r e i n t e r r e l a t e d . T h e w a t e r q u a l i t y 
i n v e s t i g a t i o n w i l l a l l o w p r e s e n t a n d f u t u r e a s s e s s m e n t s t o b e 
m a d e o n the i m p a c t o f G P S D a m m o n i a - N d i s c h a r g e s o n the r i v e r , 
w h i l e the m i x i n g and d i s p e r s i o n s t u d y u s i n g a f l u o r e s c e n t d y e 
t r a c e r w i l l p r o v i d e r e g u l a t o r y o f f i c i a l s w i t h i n f o r m a t i o n for 
d e f i n i n g a m i x i n g z o n e s p e c i f i c t o the G P S D e f f l u e n t d i s c h a r g e 
s y s t e m . In a d d i t i o n , it w i l l a l l o w the c h a r a c t e r i z a t i o n of 
d i l u t i o n and d i s p e r s i o n e f f e c t s o n r e l a t i v e l y c o n s e r v a t i v e 
s u b s t a n c e s ( t h o s e w i t h low b i o d e g r a d a b i l i t y ) i n w a s t e 
d i s c h a r g e s u n d e r a w i d e v a r i e t y o f p h y s i c a l c o n d i t i o n s . 
W a t e r Q u a l i t y S a m p l i n g P r o c e d u r e s 
R i v e r w a t e r w a s s a m p l e d o n 1 6 d a t e s s t a r t i n g o n J u l y 1 1 , 
1 9 8 4 a n d e n d i n g o n O c t o b e r 2 5 , 1 9 8 4 . S a m p l e s w e r e c o l l e c t e d 
a p p r o x i m a t e l y o n e m i l e a b o v e the o u t f a l l a r e a a t river m i l e 
p o i n t 1 6 0 . 9 5 , a t the o u t f a l l a r e a a t r i v e r m i l e p o i n t 1 6 0 . 0 1 , 
a n d at a l o c a t i o n two m i l e s b e l o w the o u t f a l l a r e a at river 
m i l e p o i n t 1 5 8 . 0 1 . S a m p l e s w e r e c o l l e c t e d i n the n a v i g a t i o n 
c h a n n e l c e n t e r l i n e a t e a c h l o c a t i o n , a n d o n v e r t i c a l s l o c a t e d 
1 0 0 t o 150 feet f r o m the r i g h t b a n k l o o k i n g d o w n s t r e a m . A t 
e a c h l o c a t i o n , c o l l e c t i o n s w e r e m a d e a t the s u r f a c e , 3 - f o o t , 
m i d - d e p t h , a n d n e a r b o t t o m e l e v a t i o n s . 
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F i e l d m e a s u r e m e n t s w e r e m a d e for t e m p e r a t u r e and p H a t 
all l o c a t i o n s , w h i l e d i s s o l v e d o x y g e n ( D O ) c o n c e n t r a t i o n s w e r e 
m e a s u r e d o n l y a t the c e n t e r l i n e v e r t i c a l a t m i l e 1 5 8 . 0 1 . 
A m m o n i a - N s a m p l e s w e r e c o l l e c t e d a t all p o i n t s o n all d a t e s , 
w h i l e n i t r a t e - N and total K j e l d a h l - N s a m p l e s w e r e c o l l e c t e d a t 
s e l e c t e d p o i n t s s t a r t i n g o n J u l y 2 4 , 1 9 8 4 . A l s o , late i n 
A u g u s t t u r b i d i t y r e a d i n g s w e r e m a d e o n s e l e c t e d s a m p l e s . 
S a m p l e c o l l e c t i o n s w e r e m a d e a t v a r i o u s d e p t h s u s i n g a 
b a t t e r y o p e r a t e d p u m p . All n i t r o g e n s a m p l e s w e r e ice c o o l e d 
in the f i e l d a n d r e f r i g e r a t e d in the l a b o r a t o r y u n t i l a n a l y s e s 
w e r e c o m p l e t e d . 
I n i t i a l l y the i n t e n t w a s t o c o l l e c t r i v e r w a t e r s a m p l e s 
the d a y b e f o r e a m i x i n g z o n e - d i s p e r s i o n run w a s to be d o n e . 
The d y e r u n s w e r e t e n t a t i v e l y set for T u e s d a y s w i t h w a t e r 
q u a l i t y s a m p l i n g t o b e d o n e o n M o n d a y . T h i s b e g i n n i n g o f the 
w e e k s c h e d u l e p r o v i d e d a f a c t o r of s a f e t y for g e t t i n g in a 
w e e k l y run in c a s e of bad w e a t h e r . If rain o c c u r r e d e a r l y in 
the w e e k , the d y e r u n s c o u l d b e p o s t p o n e d u n t i l e i t h e r 
W e d n e s d a y o r T h u r s d a y . F r i d a y runs w e r e u n d e s i r a b l e b e c a u s e 
this w o u l d r e q u i r e w e e k e n d l a b o r a t o r y w o r k . 
W h i l e the t h e o r y b e h i n d this s c h e d u l e a p p e a r e d t o b e 
g o o d , the p l a n p r o v e d t o b e f l a w e d a s the w e e k s p a s s e d . O n 
M o n d a y , A u g u s t 2 0 , a b o u t m i d w a y into the s t u d y , I S W S p e r s o n n e l 
d i s c o v e r e d that the G P S D w a s not d i s c h a r g i n g a n y e f f l u e n t o n 
this d a t e w h i l e r i v e r s a m p l i n g w a s i n p r o g r e s s . A n 
i n v e s t i g a t i o n t u r n e d u p the fact that for dry w e a t h e r m i x i n g 
zone r u n s for d i s c h a r g e r a t e s o f 3 0 m g d o r g r e a t e r the G P S D 
had to s t o r e s o m e f l o w in the p l a n t d i u r n a l s t o r a g e b a s i n . In 
o t h e r w o r d s , i f the dry w e a t h e r p l a n t f l o w w a s o n l y 2 0 m g d , 
and a d y e run w a s p l a n n e d for a 4 0 - m g d d i s c h a r g e r a t e , m u c h of 
the f l o w f r o m the p r e v i o u s day had to be r e t a i n e d to p r o v i d e 
40 m g d d u r i n g the 1 1 - to 1 2 - h o u r p e r i o d n e e d e d to c o m p l e t e a 
dye r u n . 
A f t e r A u g u s t 2 0 , r i v e r w a t e r q u a l i t y s a m p l i n g w a s c h a n g e d 
to T h u r s d a y s , two d a y s a f t e r a dye r u n . A t w o - d a y lag a f t e r 
the d y e run w a s r e q u i r e d i n s t e a d of a o n e - d a y lag b e c a u s e all 
the l a b o r a t o r y p e r s o n n e l w e r e tied u p t h r o u g h W e d n e s d a y 
e v e n i n g s p e r f o r m i n g d y e t e s t s . T w o o f the s e v e n r u n s 
c o m p l e t e d t h r o u g h A u g u s t 2 0 w e r e d o n e a t t i m e s w h e n the G P S D 
w a s not d i s c h a r g i n g . H o w e v e r , the r e s u l t s o f t h i s o v e r s i g h t 
p r o v e d to be s o m e w h a t b e n e f i c i a l in the o v e r a l l e v a l u a t i o n at 
the e n d s i n c e i t p r o v i d e d s o m e b a c k g r o u n d i n f o r m a t i o n o n r i v e r 
w a t e r q u a l i t y in the a b s e n c e of any d i s c h a r g e f r o m the G P S D 
t r e a t m e n t p l a n t . 
D u r i n g the w a t e r q u a l i t y s a m p l i n g r u n s , a s m a l l q u a n t i t y 
o f the s a m p l e s c o l l e c t e d a t e a c h s a m p l i n g p o i n t w a s r e t a i n e d 
for f l u o r e s c e n c e d e t e r m i n a t i o n s . T h e s e d a t a p r o v i d e d 
b a c k g r o u n d f l u o r e s c e n t i n f o r m a t i o n for the river w a t e r . 
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W a t e r Q u a l i t y A n a l y t i c a l P r o c e d u r e s 
T h e w a t e r q u a l i t y p a r a m e t e r s D O , p H , a n d t e m p e r a t u r e w e r e 
m e a s u r e d in the f i e l d at the t i m e of s a m p l i n g . O O s w e r e run 
u s i n g a YSI M o d e l 5 7 D O - t e m p e r a t u r e m e t e r and p r o b e 
c o m b i n a t i o n c a l i b r a t e d u s i n g the m o d i f i e d W i n k l e r p r o c e d u r e . 
T h e p H d e t e r m i n a t i o n s w e r e m a d e u s i n g a p o r t a b l e 
b a t t e r y - o p e r a t e d p H m e t e r e q u i p p e d w i t h a c o m b i n a t i o n g l a s s 
e l e c t r o d e . T e m p e r a t u r e s w e r e m e a s u r e d u s i n g a s t a n d a r d i z e d 
m e r c u r y - f i l l e d g l a s s t h e r m o m e t e r . 
A m m o n i a , n i t r a t e , and total K j e l d a h l - N s a m p l e s a n d 
t u r b i d i t y s a m p l e s w e r e a n a l y z e d i n the l a b o r a t o r y . A m m o n i a - N 
and K j e l d a h l - N d e t e r m i n a t i o n s w e r e m a d e u s i n g a c o l o r i m e t r i c 
p r o c e d u r e r e q u i r i n g d i g e s t i o n and d i s t i l l a t i o n u s i n g p h e n o l 
and h y p o c h l o r a t e . N i t r a t e s a m p l e s w e r e f i l t e r e d t h r o u g h a 
0 . 4 5 - m i c r o n m e m b r a n e f i l t e r i m m e d i a t e l y u p o n r e c e i p t f r o m the 
f i e l d . C o n c e n t r a t i o n s w e r e d e t e r m i n e d u s i n g a c h r o m o t r o p h i c 
a c i d c o l o r i m e t r i c p r o c e d u r e . T u r b i d i t i e s w e r e run o n a n H F 
I n s t r u m e n t s m o d e l D R T t u r b i d i m e t e r , w i t h the r e s u l t s r e p o r t e d 
in N T U ' s . 
All o t h e r w a t e r q u a l i t y p a r a m e t e r s w e r e a n a l y z e d u s i n g 
the m e t h o d s o u t l i n e d i n the 16th e d i t i o n o f S t a n d a r d M e t h o d s . 
M i x i n g Z o n e a n d E f f l u e n t D i s p e r s i o n S a m p l i n g P r o c e d u r e s 
T h e m i x i n g z o n e a n d d i s p e r s i o n p o r t i o n o f t h e s t u d y w a s 
c o n d u c t e d s i m i l a r l y t o the c o m b i n e d s e w e r o v e r f l o w m i x i n g z o n e 
s t u d y o u t l i n e d b y B u t t s e t a l . C 1 9 8 4 ) . B a s i c a l l y f l u o r e s c e n t 
d y e w a s i n j e c t e d into the G P S D e f f l u e n t a n d t r a c e d a s i t m i x e d 
w i t h r i v e r w a t e r . F i g u r e 1 s h o w s the p o r t i o n o f the I l l i n o i s 
R i v e r i n w h i c h m i x i n g a n d d i s p e r s i o n w e r e s t u d i e d . T r a n s e c t s 
w e r e e s t a b l i s h e d for p o s s i b l e s a m p l i n g l o c a t i o n s f r o m a p o i n t 
a b o u t 150 feet a b o v e the o u t f a l l d e l t a ( s t a t i o n 0 + 0 0 ) t o a 
p o i n t u n d e r the 1-474 I n t e r s t a t e b r i d g e ( s t a t i o n 1 1 0 + 0 0 ) . T h i 3 
r e a c h i s i n c l u s i v e b e t w e e n river m i l e p o i n t s 1 6 0 . 0 1 and 1 5 7 . 9 . 
E s t a b l i s h m e n t o f S a m p l i n g S t a t i o n s 
A b a s e l i n e , as s h o w n on f i g u r e 1, w a s s u r v e y e d r o u g h l y 
f o l l o w i n g the p a t h of the r i v e r at low w a t e r s e t - b a c k 
d i s t a n c e s r a n g i n g f r o m a p p r o x i m a t e l y 2 5 t o 185 f e e t . T h i s 
line w a s e s t a b l i s h e d by a G P S D s u r v e y i n g c r e w . At the s a m e 
time i t w a s laid o u t , a W a t e r S u r v e y c r e w e s t a b l i s h e d s a m p l i n g 
p o i n t s a l o n g the s h o r e l i n e u s i n g 2 " x 2 " w h i t e p a i n t e d w o o d e n 
s t a k e s ( s e e f i g u r e s 2 , 3 , and 4 ) . T h e t r a n s e c t l i n e w a s tied 
into the b a s e l i n e b y t u r n i n g c l o c k w i s e a n g l e s a n d m e a s u r i n g 
d i s t a n c e s t o the s h o r e l i n e 2 " x 2 " s t a k e s . S a m p l i n g t r a n s e c t s 
w e r e l o c a t e d a t 5 0 - f o o t i n t e r v a l s u p t o s t a t i o n 1 1 + 0 0 a n d a t 
1 0 0 - f o o t i n t e r v a l s t h e r e a f t e r . 
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Figure 2. Transect sampling station orientation stakes 
Figure 3. GPSD outfall delta, showing transect stakes 
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Figure 4. Schematic outline illustrating sampling location orientation 
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T r a n s v e r s e l o c a t i o n s w e r e e s t a b l i s h e d a s s h o w n o n f i g u r e s 
4 and 5. B o a t p o s i t i o n s w o u l d be e s t a b l i s h e d by lining up the 
two w h i t e s t a k e s and m e a s u r i n g the d i s t a n c e f r o m the s h o r e l i n e 
s t a k e u s i n g high q u a l i t y range f i n d e r s . T h r e e of the four 
b o a t s used in s a m p l i n g u t i l i z e d the r a n g e f i n d e r s h o w n in 
f i g u r e 5. T h e boat s a m p l i n g in the i m m e d i a t e a r e a of the 
o u t f a l l used a r a n g e finder w h i c h w a s h i g h l y a c c u r a t e for 
c l o s e d i s t a n c e s but had a range o u t w a r d of o n l y a b o u t 
o n e - t h i r d that of the m o d e l used by the o t h e r b o a t s . T h e 
s p e c i f i c a t i o n s of b o t h m o d e l s a r e g i v e n in A p p e n d i x A. 
T h e b a s e l i n e w a s tied into the I l l i n o i s S t a t e C o o r d i n a t e 
S y s t e m ( A n d e r s o n , 1 9 4 9 ) for f u t u r e r e f e r e n c e if n e e d e d . T h e 
o r i g i n a l s u r v e y b a s e l i n e n o t e s are o n file w i t h the G P S D . T h e 
2" x 2" s t a k e s w e r e cut off one foot a b o v e g r o u n d or s h o r e 
level in the h o p e that they c o u l d be reset r e a d i l y if n e e d e d 
w i t h i n a year or t w o . 
D y e I n j e c t i o n P r o c e d u r e s 
T h e f l u o r e s c e n t dye t r a c e r , R h o d a m i n e W T , w a s i n j e c t e d 
into the t r e a t e d e f f l u e n t at a point s h o w n on f i g u r e 1. T h e 
Figure 5. Lining up on transect stakes using the range finder 
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d y e is of the s a m e q u a l i t y and h a s the s a m e p h y s i c a l a n d 
c h e m i c a l c h a r a c t e r i s t i c s as that u s e d by B u t t s et a l . ( 1 9 8 4 ) 
i n their P e o r i a c o m b i n e d sewer o v e r f l o w m i x i n g z o n e s t u d y . 
The m a n u f a c t u r e r s t a t e s that the d y e c o l o r w a s d e v e l o p e d to 
p r o d u c e a h i g h t i n c t o r i a l s t r e n g t h a n d a low t e n d e n c y to s t a i n 
s i l t , d i r t , and o t h e r s u s p e n d e d m a t t e r i n s h a l l o w and inland 
w a t e r s . H o w e v e r , B e n c a l a e t a l . ( 1 9 8 3 ) found that l o s s e s o f 
R h o d a m i n e WT up to 55 p e r c e n t o c c u r r e d in s h a l l o w m o u n t a i n 
s t r e a m s , a n d l a b o r a t o r y e x p e r i m e n t s s h o w e d that s t r e a m b e d s a n d 
a n d g r a v e l s e d i m e n t s h a v e a n a p p r e c i a b l e c a p a c i t y for 
R h o d a m i n e WT s o r p t i o n . If this is t r u e , the s p e c i f i c r e s u l t s 
of the d a t a g e n e r a t e d d u r i n g this s t u d y m a y be s l i g h t l y in 
e r r o r ; h o w e v e r , the final o v e r a l l c o n c l u s i o n s d e r i v e d w i l l not 
b e s i g n i f i c a n t l y a l t e r e d . 
T h e d y e i n j e c t i o n p o i n t w a s at a m a n h o l e on top of a 
levee p r o t e c t i n g the t r e a t m e n t p l a n t from I l l i n o i s R i v e r 
f l o o d i n g . A small s t o r a g e shed w a s c o n s t r u c t e d to h o u s e the 
d y e a n d d y e i n j e c t i o n e q u i p m e n t d u r i n g the c o u r s e o f the 
s t u d y . T h e shed and i n j e c t i o n s y s t e m a r e s h o w n in f i g u r e s 6 
and 7 . T h e shed w a s m o d u l a r l y c o n s t r u c t e d for q u i c k a s s e m b l y 
and d i s a s s e m b l y . 
T h e d y e i n j e c t i o n s y s t e m s h o w n in f i g u r e 7 c o n s i s t s of a 
d y e s t o r a g e t a n k , a m e t e r i n g p u m p , a 1 2 - v o l t b a t t e r y , and a 
1 0 - a m p b a t t e r y c h a r g e r . A s e c o n d tank w a s p r o v i d e d a n d f i l l e d 
w i t h c l e a n w a t e r for use in c l e a n i n g and f l u s h i n g the m e t e r i n g 
p u m p at the end of a r u n . The w a t e r and dye s t o r a g e t a n k s a r e 
p l a s t i c c y l i n d e r s , 24 i n c h e s in d i a m e t e r and 40 i n c h e s h i g h , 
s p e c i f i c a l l y d e s i g n e d for m i x i n g and s t o r i n g c o r r o s i v e 
c h e m i c a l s . T h e t a n k s are n o m i n a l l y r a t e d a t 6 5 g a l l o n s but 
a r e c a p a b l e of s t o r i n g a s i g n i f i c a n t l y g r e a t e r v o l u m e of 
l i q u i d . A b o t t o m side wall s p i g o t w a s f i t t e d w i t h a 
1 - 1 / 2 - i n c h p l a s t i c ball v a l v e r e d u c e d t o a c c e p t 3 / 8 - i n c h 
p l a s t i c t u b i n g w h i c h w a s c o m p a t i b l e w i t h the p u m p 
r e q u i r e m e n t . B o t h d r u m s w e r e c a l i b r a t e d i n 8-liter i n c r e m e n t s 
up to 2 5 6 l i t e r s . In a d d i t i o n , for u s e in s t o r i n g c l e a n i n g 
and f l u s h i n g w a t e r , the w a t e r tank w a s a l s o c o n s i d e r e d to be a 
b a c k u p to the dye d i l u t i o n d r u m in c a s e p r o b l e m s d e v e l o p e d . 
A l s o , a t the b e g i n n i n g , two 2 5 0 - p o u n d d r u m s c o n t a i n i n g 2 0 
p e r c e n t s o l u t i o n s of R h o d a m i n e WT d y e w e r e s t o r e d in an 
e l e v a t e d p o s i t i o n in the s h e d . A s p i g o t s i m i l a r to the o n e 
i n s t a l l e d on the d i l u t e d d y e s t o r a g e c y l i n d e r w a s i n s t a l l e d In 
the d y e d r u m s so that c o n t r o l l e d v o l u m e s of dye c o u l d e a s i l y 
be d r a w n off and t r a n s f e r r e d to the d i l u t i o n c o n t a i n e r as 
n e e d e d for e a c h r u n . 
T w o dye i n j e c t i o n p u m p s w e r e used over the c o u r s e of the 
field rune; b o t h w e r e F l u i d M e t e r i n g , Inc. 
r o t a t i n g - r e c i p r o c a t i n g p i s t o n p u m p s s p e c i f i c a l l y d e s i g n e d for 
a c c u r a t e h a n d l i n g o f c o r r o s i v e l i q u i d s . E a c h w a s f i t t e d a t 
the d i s c h a r g e end w i t h a m i c r o m e t e r f l o w a d j u s t m e n t kit w h i c h 
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Figure 6. Dye injection shed and weather station 
Figure 7. Dye injection system 
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a l l o w e d p r e c i s e s t r o k e a d j u s t m e n t s of 0.1 p e r c e n t . The p u m p 
used i n i t i a l l y w a s the same one used by B u t t s et a l . ( 1 9 8 4 ) 
in the P e o r i a C S O m i x i n g zone s t u d y . It w a s c h e c k e d in the 
l a b o r a t o r y for r e p r o d u c i b i l i t y of the c a l i b r a t i o n c u r v e s 
d e v e l o p e d for use d u r i n g the C S O m i x i n g zone study. The p u m p 
p e r f o r m a n c e w a s found to be r e p r o d u c i b l e ; h o w e v e r , the p u m p 
failed after the fourth run w a s c o m p l e t e d and w a s r e p l a c e d 
w i t h a n e w p u m p w i t h identical m a n u f a c t u r e r ' s s p e c i f i c a t i o n s . 
The m a n u f a c t u r e r ' s s p e c i f i c a t i o n s are p r e s e n t e d in A p p e n d i x A 
a l o n g w i t h the c a l i b r a t i o n d a t a g e n e r a t e d for both p u m p s . For 
each p u m p , the p i s t o n , c y l i n d e r c a s e , and c y l i n d e r liner 
m a t e r i a l s c o n s i s t e d , r e s p e c t i v e l y , o f a l u m i n a c e r a m i c , 3 1 6 
s t a i n l e s s s t e e l , and s i n t e r e d c a r b o n . A l t h o u g h the p u m p s 
s h o u l d p e r f o r m s i m i l a r l y , the c a l i b r a t i o n data in A p p e n d i x A 
show that the old p u m p far e x c e e d e d the m a n u f a c t u r e r ' s r a t i n g s 
under all c o n d i t i o n s . The n e w p u m p c a p a c i t i e s w e r e m u c h lower 
o v e r a l l and w e r e m o r e in line w i t h those s p e c i f i e d by the 
m a n u f a c t u r e r . 
The dye m e t e r i n g p u m p s w e r e d r i v e n b y D.C. m o t o r s 
c o n n e c t e d t o 12-volt b a t t e r i e s . H o w e v e r , s i n c e A . C . power w a s 
a v a i l a b l e at the s i t e , a 10-amp b a t t e r y c h a r g e r w a s i n c l u d e d 
in the s y s t e m to p r e v e n t a d r a i n on the b a t t e r y . 
The m e t e r i n g p u m p w a s o p e r a t e d under a p o s i t i v e s u c t i o n 
head and a n e g a t i v e d i s c h a r g e head due to a d r o p of a b o u t 15 
feet in the m a n h o l e . T h i s c a u s e d the s e m i - r i g i d p l a s t i c 
d i s c h a r g e line to p a r t i a l l y c o l l a p s e but not to the e x t e n t 
that the r e l a t i v e l y low dye i n j e c t i o n flow r a t e s w e r e 
r e s t r i c t e d . 
River S a m p l i n g M e t h o d o l o g y 
W i t h s l i g h t m o d i f i c a t i o n s , the dye s a m p l i n g t e c h n i q u e 
used w a s similar to that d e v i s e d and used by B u t t s et a l . 
( 1 9 8 4 ) d u r i n g the P e o r i a C S O m i x i n g zone s t u d y . The river 
reach b e t w e e n s t a t i o n s 0 + 0 0 and 1 0 8 + 0 0 was d i v i d e d into four 
s u b r e a c h e s for s a m p l i n g by s e p a r a t e b o a t s . The b o a t s w e r e 
o u t f i t t e d as shown in f i g u r e s 8, 9, and 10. A l s o , each boat 
w a s e q u i p p e d w i t h A n c h o r m a t e II s y s t e m s w h e r e b y the boat 
o p e r a t o r s could lower 1 8 - p o u n d m u s h r o o m a n c h o r s that w e r e 
b o w - m o u n t e d (see f i g u r e s 2 and 5) and c o n t r o l l e d at the stern 
u s i n g reel and b r a k i n g f i x t u r e s (see figure 9 ) . 
The s a m p l i n g s c h e m e w a s d e v e l o p e d a r o u n d e q u i p m e n t t h a t : 
( I ) w a s s i m p l e and r e l i a b l e , t h e r e b y m i n i m i z i n g o p e r a t i o n a l 
p r o b l e m s ; (2) p r o v i d e d a m e a n s of r a p i d l y p r o d u c i n g a large 
number o f r e p e t i t i v e s a m p l e s ; (3) c o n t a i n e d m e c h a n i s m s , p a r t s , 
and c o n d u i t s w h i c h w e r e immune to dye a d s o r p t i o n ; and (4) w a s 
a f f o r d a b l e . T h e c o n t r o l l i n g factor in the d e s i g n of the 
s y s t e m w a s the need to c o l l e c t a large number of s a m p l e s over 
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Figure 8. Schematic of boat equipped with dye sampling setup 
Figure 9. Sampling crew establishing position on transect 
15 
Figure 10. Close-up of sampling equipment in operation 
a 3- to 4-hour s a m p l i n g p e r i o d . All things c o n s i d e r e d , 800 
samples w e r e deemed the m i n i m u m r e q u i r e d to a c c u r a t e l y 
d e s c r i b e m i x i n g and d i s p e r s i o n in the study a r e a . Each of the 
four s u b r e a c h boats c o l l e c t e d 150 dye s a m p l e s per run w h i l e a 
fifth boat c o l l e c t e d 2 0 0 a d d i t i o n a l s a m p l e s : 100 at the edge 
of the water and a n o t h e r 100 b e t w e e n 10 and 13 feet from 
s h o r e . Eight h u n d r e d s a m p l e s w e r e about the m a x i m u m number 
w h i c h could be c o l l e c t e d in the field and a n a l y z e d in the 
laboratory w i t h i n 24 h o u r s as r e q u i r e d . 
As shown in f i g u r e s 8 and 1 0 , a s a m p l i n g hose w a s 
c o n n e c t e d to a pump and a t t a c h e d to a fishing d o w n r i g g e r . The 
d o w n r i g g e r , e q u i p p e d w i t h a depth c o u n t e r , p r o v i d e d p r e c i s e 
s a m p l i n g e l e v a t i o n s and p e r m i t t e d quick and easy a d j u s t m e n t s 
to c h a n g i n g w a t e r d e p t h s . The pump d i s c h a r g e w a s e q u i p p e d 
w i t h a p l a s t i c tee to w h i c h 5/16-inch PVC drawoff tubing w a s 
a t t a c h e d and fitted w i t h a p i n c h c l a m p . A 105-amp R V / d e e p 
cycle b a t t e r y was c o n n e c t e d to a s w i t c h / p l u g box c o n v e n i e n t l y 
located for flow c o n t r o l . A w a s t e line from the tee w a s 
threaded through an e y e - b o l t on the o p p o s i t e side of the boat 
to m i n i m i z e d i s t u r b a n c e in the s a m p l i n g a r e a . A 2" x 8" 
p l a n k , s e c u r e d w i t h b o l t s through the o a r l o c k s on three b o a t s 
and through inside h a n d l e s on the f o u r t h , w a s used to p o s i t i o n 
the e q u i p m e n t . 
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T h r e e o f the d o w n r i g g e r s w e r e B i g Jon M o d e l s D 4 7 6 w h i l e 
the f o u r t h w a s a Big Jon M o d e l D 4 2 5 J . All w e r e e q u i p p e d w i t h 
2 0 0 feet of 1 5 0 - p o u n d test s t a i n l e s s steel l i n e . The d e p t h 
c o u n t e r c o u l d b e read t o w i t h i n o n e - h a l f f o o t . 
T h e p u m p s w e r e D . C . p o w e r e d M o d e l 3 6 5 P r o v e n Pony p u m p s 
w h i c h w e r e all r e f i t t e d w i t h n e w r u b b e r i m p e l l e r s and g a s k e t s 
s i n c e t h e i r p r i o r u s a g e d u r i n g the P e o r i a C S O m i x i n g z o n e 
s t u d y . The r u b b e r i m p e l l e r s a r e e x t r e m e l y s u s c e p t i b l e t o w e a r 
and s t o p p a g e b y c o a r s e s a n d and p e b b l e s , s o t o m i n i m i z e this 
p r o b l e m e a c h s u c t i o n line w a s f i t t e d w i t h fine m e s h 
s t r a i n e r s . T h e 4 0 - f o o t s u c t i o n and 1 0 - f o o t d i s c h a r g e lines 
w e r e 3 / 4 - i n c h N a l g e 8 0 0 0 P V C t u b i n g w h i c h , w h e n t e s t e d b e f o r e 
the P e o r i a C S O m i x i n g z o n e s t u d y s t a r t e d , e x h i b i t e d the best 
r e s i s t a n c e to f l u o r e s c e n t dye a d s o r p t i o n . All of the s a m p l i n g 
b o a r d s w e r e c h e c k e d for p u m p i n g r a t e s , and for e a c h , the 
c o m p l e t e f l u s h i n g t i m e s w e r e f o u n d to be s l i g h t l y less than 16 
s e c o n d s . C o n s e q u e n t l y , a 3 0 - s e c o n d f l u s h i n g p e r i o d w a s u s e d 
in the f i e l d as a f a c t o r of s a f e t y as w a s d o n e s u c c e s s f u l l y 
d u r i n g the P e o r i a C S O m i x i n g z o n e s t u d y . 
T o m i n i m i z e m i x i n g and d i s p e r s i o n d i s t u r b a n c e and w a t e r 
c o n t a m i n a t i o n , small b o a t s e q u i p p e d w i t h e l e c t r i c t r o l l i n g 
m o t o r s w e r e u s e d for n a v i g a t i o n . I n i t i a l l y s a m p l i n g a t e a c h 
s u b r e a c h w a s d e s i g n e d to b e g i n at the l o w e s t t h e o r e t i c a l 
c o n c e n t r a t i o n p o i n t , i.e., the b o t t o m p o i n t o n the o u t e r m o s t 
c h a n n e l s i d e v e r t i c a l at the last t r a n s e c t of e a c h s u b r e a c h . 
T h e r e a f t e r e a c h s u c c e s s i v e t r a n s e c t w a s t o b e s a m p l e d f r o m the 
o u t s i d e i n and f r o m b o t t o m t o t o p . H o w e v e r , the e a r l y r e s u l t s 
i n d i c a t e d that s u c h a r e f i n e m e n t w a s n e e d e d o n l y for s u b r e a c h 
I near the o u t f a l l and p o s s i b l y for s u b r e a c h 2. C o n s e q u e n t l y , 
b o a t s 3 and 4 b e g a n s a m p l i n g u p s t r e a m and w o r k i n g d o w n s t r e a m . 
M a k i n g this c h a n g e a l l o w e d b o a t s 3 and 4 to s t a r t s a m p l i n g 
e a r l i e r w i t h o u t c o m p r o m i s i n g the s t e a d y s t a t e d y e s a m p l i n g 
s c h e m e . 
All s a m p l e s c o l l e c t e d by the s h o r e l i n e boat ( n u m b e r 5) 
c r e w w e r e t a k e n by h a n d at the s u r f a c e . S a m p l i n g c o m m e n c e d at 
s t a t i o n 0 + 0 0 and e n d e d a t s t a t i o n 1 1 0 + 0 0 . B e t w e e n 0 + 0 0 and 
1 1 + 0 0 s h o r e l i n e and 10 to 13 feet o u t w a r d , s a m p l e s w e r e 
c o l l e c t e d a t 5 0 - f o o t i n t e r v a l s . B e t w e e n 1 1 + 0 0 and 7 2 + 0 0 
c o l l e c t i o n s w e r e m a d e a t 1 0 0 - f o o t i n t e r v a l s , w h e r e a s 2 0 0 - f o o t 
i n t e r v a l s w e r e u s e d t h e r e a f t e r . The b o a t w a s p o w e r e d by a 
t r o l l i n g m o t o r . O c c a s i o n a l l y b a r g e f l e e t i n g a l o n g the w e s t 
bank p r e v e n t e d a c c e s s to s o m e of the s a m p l i n g s t a t i o n s . 
S a m p l e s w e r e c o l l e c t e d i n 20-ml W h e a t o n 180 g l a s s l i q u i d 
s c i n t i l l a t i o n v i a l s . For field use and e a s e o f h a n d l i n g , 
1 0 0 - l o t c a s e s w e r e u s e d ( s e e f i g u r e s 5 and 1 0 ) . 
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P r e r u n P r e p a r a t i o n 
I n p r e p a r a t i o n for the r e g u l a r m i x i n g and d i s p e r s i o n 
r u n s , a time of travel c h e c K w a s m a d e b e t w e e n the o u t f a l l and 
two t r a n s e c t s , 1 2 + 0 0 and 1 0 4 + 0 0 , in the s t u d y r e a c h . On July 
9 , 1 9 8 4 , t h r e e d a y s b e f o r e the f i r s t s c h e d u l e d r u n , the 
e f f l u e n t w a s s l u g g e d w i t h a l a r g e v o l u m e of d y e w h e n the river 
f l o w w a s 8 9 1 0 c f s . T h e t i m e o f t r a v e l s a m p l i n g p r o v e d t o b e 
o n l y p a r t i a l l y s u c c e s s f u l ; o n l y the tail end or back s i d e of 
the d y e c u r v e a t s t a t i o n 1 0 4 + 0 0 w a s d e t e c t e d . T h e d e t e n t i o n 
t i m e in the total s t u d y r e a c h w a s less than w h a t had been 
e x p e c t e d b a s e d o n the i n f o r m a t i o n o b t a i n e d f a r t h e r u p s t r e a m a t 
s t a t i o n 2 5 + 0 0 . H o w e v e r , s u f f i c i e n t t i m e o f t r a v e l i n f o r m a t i o n 
w a s a c q u i r e d so that a r e a s o n a b l e t i m e s c h e d u l e c o u l d be 
w o r k e d out for the m i x i n g z o n e and d i s p e r s i o n s a m p l i n g run 
s c h e d u l e d for J u l y 1 2 , 1 9 8 4 . 
O n July 1 7 , the e f f l u e n t w a s a g a i n s l u g g e d w i t h d y e w h e n 
the r i v e r f l o w w a s 9 3 0 7 c f s . T h e r e s u l t s a r e s h o w n i n f i g u r e s 
1 1 and 1 2 . O v e r a l l t h i s run w a s s u c c e s s f u l . P e a k t i m e s w e r e 
o b t a i n e d for all the s t a t i o n s s a m p l e d e x c e p t t h o s e c l o s e to 
s h o r e . T h e s e r e s u l t s w e r e u s e d a s a g u i d e for i n i t i a t i n g boat 
s a m p l i n g t i m e s d u r i n g the r e m a i n d e r o f the s t u d y . 
On the day p r i o r to a s c h e d u l e d " d y e " r u n , the U . S . 
G e o l o g i c a l S u r v e y f l o w g a g i n g s t a t i o n a t K i n g s t o n M i n e s C r i v e r 
m i l e 1 4 5 . 5 ) w a s read in t e r m s of f e e t . T h e f l o w in c f s w a s 
then e s t i m a t e d u s i n g a r a t i n g t a b l e s u p p l i e d by the U S G S . For 
the f i r s t r u n , the v o l u m e of d y e n e e d e d to d e t e c t a c e r t a i n 
c o n c e n t r a t i o n at the end of the 2 - m i l e s t u d y r e a c h w a s 
a s c e r t a i n e d u s i n g the C o b b and B a i l e y C 1 9 6 5 ) f o r m u l a : 
w h e r e V d = d y e v o l u m e in m i l l i l i t e r s , C d = d y e c o n c e n t r a t i o n 
in m i c r o g r a m s per liter ( u g / l ) , C 2 = d e s i r e d s a m p l i n g p o i n t 
d y e c o n c e n t r a t i o n in m i c r o g r a m s per l i t e r , Q = s t r e a m f l o w in 
c f s , and t t = i n j e c t i o n t i m e in h o u r s . T h e f a c t o r t. w a s set 
equal to w h a t w a s c o n s i d e r e d a c o n s e r v a t i v e t i m e r e q u i r e d for 
the d y e t o r e a c h s t e a d y s t a t e c o n d i t i o n s t h r o u g h o u t the s t u d y 
r e a c h p l u s 3 h o u r s for s a m p l i n g . A d o w n s t r e a m c o n c e n t r a t i o n 
for the f i r s t run w a s set at 0.5 µ g / l . 
T h e July 1 1 , 1984 f l o w a t K i n g s t o n M i n e s w a s e s t i m a t e d t o 
be a p p r o x i m a t e l y 8 0 0 0 c f s ; at this f l o w the time r e q u i r e d to 
r e a c h s t e a d y s t a t e c o n d i t i o n s w a s e s t i m a t e d t o b e 5 h o u r s , and 
a l l o w i n g 3 h o u r s for s a m p l i n g set t t at 8 h o u r s . T h e d y e 
c o n c e n t r a t i o n ( C d ) e q u a l s 2 0 0 , 0 0 0 , 0 0 0 µg/l s i n c e the 
c o m m e r c i a l s o l u t i o n i s 2 0 p e r c e n t d y e . S u b s t i t u t i n g these 
v a l u e s into e q u a t i o n 1 y i e l d s a d y e v o l u m e of a b o u t 1 6 , 0 0 0 
m l . T h e r e f o r e , 1 6 , 0 0 0 m l o f t h e 2 0 p e r c e n t s o l u t i o n had t o b e 
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Figure 11. Time of travel between stations 1+50 and 25+00; 
river flow = 9307 ofs; 25' = distance from right bank 
looking downstream; @ 0' = depth 
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Figure 11. Continued 
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Figure 11. Concluded 
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Figure 12. Time of travel between stations 1+50 and 104+00; 
river flow = 9307 c f s ; 50' = distance from right bank 
looking downstream; @ 0' - depth 
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injected at a steady rate over eight hours to achieve the 
desired results. To make this injection practical, the 20 
percent dye solution had to be diluted manyfold. For the 
first run, the micrometer on the metering pump was set at 
0.400 or 8 ml/sec (see rating table at 40 inches in Appendix 
A ) . This rate requires 230,000 ml of diluted dye for an 8-hour 
injection period. Table 1 lists the injection criteria used 
for all 10 runs made over the course of the study. 
The first run took slightly less than 7-1/2 hours to 
complete, and the dye was drawn down to 32,000 ml in the 
dilution tank. With only 32,000 ml of dye solution left, the 
metering pump was still functioning satisfactorily. However, 
to increase the factor of safety of not draining the tank down 
to a level where the metering pump would not function 
properly, the micrometer setting was reduced to 0.375 for the 
second run. However, as table 1 shows, this run took longer 
and the tank was again drawn down to the 32,000-ml level. 
An ideal micrometer setting of 0.325 was arrived at 
during the third run. As shown in table 1 the safety factor 
was increased by reducing the injection rate and increasing 
the dilution volume. However, this refined operating 
procedure lasted only for one more run, as the pump failed 
after the fourth run. A new pump was installed, and only one 
run was needed to refine its operating procedure. Note in 
table 1 that a 0.400 micrometer setting was used for the last 
five runs, and the dilution tank level never fell below 52,000 
ml. 
The dye solution with proper amounts of dye and dilution 
water was made up on the day prior to the scheduled run. The 
residual diluted dye volumes which remained after each run are 
listed in table 1. The volume of 20 percent dye needed to be 
added to this residual was computed on a proportional basis. 
Table 1. Dye Injection Criteria 
Run Vol. of % Diluted vol. 
Time 20% Dye Dye (liters) Micrometer Injection Rate (ml/sec) 
Date (hours) (1) Start Start Stop Setting Lab Calibrated Calculated 
7/12/84 7.42 16 6.95 230 32 0.400 8.00 7.33 
7/19 7.92 20 8.70 230 32 0.375 7.50 6.88 
7/31 8.50 24 9.60 250 64 0.325 6.50 6.08 
8/7 9.75 27 10.89 248 64 0.325 6.50 6.08 
8/14 8.58 27 10.89 248 36 0.455 6.69 7.36 
8/21 8.50 27 10.89 248 52 0.400 5.82 6.41 
8/28 8.15 27 10.89 248 56 0.400 5.82 6.56 
9/11 8.00 27 10.89 248 64 0.400 5.82 6.39 
9/18 8.15 27 10.89 248 52 0.400 5.82 6.39 
10/23 8.72 27 11.74 230 52 0.400 5.82 5.67 
23 
S t a r t i n g w i t h the f o u r t h r u n , 2 7 , 0 0 0 m l o f the 2 0 p e r c e n t 
c o m m e r c i a l s o l u t i o n w a s u s e d a t the s t a r t o f e a c h r u n . S i n c e 
the f l o w s for runs 2 t h r o u g h 10 w e r e lower than t h o s e for the 
f i r s t run a n d the 2 0 p e r c e n t d y e v o l u m e w a s i n c r e a s e d , h i g h e r 
d o w n s t r e a m c o n c e n t r a t i o n s w e r e m a i n t a i n e d . E q u a t i o n 1 s h o w s 
that d e c r e a s i n g s t r e a m f l o w s r e q u i r e less dye to m a i n t a i n a 
g i v e n d o w n s t r e a m r e s i d u a l c o n c e n t r a t i o n . 
A w e a t h e r s t a t i o n w a s e s t a b l i s h e d on the top of the l e v e e 
n e a r the d y e m e t e r i n g h o u s e as s h o w n in f i g u r e 6. It w a s 
a c t i v a t e d late in the a f t e r n o o n b e f o r e a s c h e d u l e d r u n . T h e 
s t a t i o n p r o v i d e d c o n t i n u o u s r e c o r d e d i n f o r m a t i o n o n w i n d s p e e d 
a n d d i r e c t i o n and o n air t e m p e r a t u r e . T h i s p r o v i d e d v a l u a b l e 
i n f o r m a t i o n for a s c e r t a i n i n g the e f f e c t s o f w i n d s p e e d a n d 
d i r e c t i o n on the d y e m o v e m e n t d u r i n g a r u n . 
S p e c i a l f i e l d s h e e t s w e r e p r e p a r e d for the s t u d y ( s e e 
A p p e n d i x B ) . The f i r s t s h e e t p r e s e n t e d in A p p e n d i x B is a 
b l a n k , the s e c o n d is an e x a m p l e of a s a m p l i n g s c h e d u l e 
p r e p a r e d the day b e f o r e a r u n , a n d the t h i r d is the f o r m 
f i l l e d in by the b o a t s a m p l i n g c r e w d u r i n g a r u n . T h e 
s a m p l i n g l o c a t i o n s c h a n g e d f r o m run t o run w i t h the d e g r e e o f 
c h a n g e b e i n g d e p e n d e n t u p o n the r e s u l t s o f the p r e v i o u s r u n , 
s i g n i f i c a n t c h a n g e s i n f l o w s , and b a r g e f l e e t i n g a c t i v i t i e s 
a l o n g the w e s t b a n k . T h e day b e f o r e e a c h run a s c o u t i n g b o a t 
w a s sent out t o r e c o r d the e x a c t l o c a t i o n o f e a c h p a r k e d b a r g e 
a l o n g the w e s t s h o r e w h i c h w o u l d h i n d e r s a m p l i n g o r o b s c u r e 
s t a t i o n s t a k e s . T h e p o s i t i o n a n d l o c a t i o n o f the p a r k e d 
b a r g e s l a r g e l y d i c t a t e d s a m p l i n g l o c a t i o n s b e l o w s t a t i o n 
4 8 + 0 0 . T h e p o s i t i o n o f p a r k e d b a r g e s , h o w e v e r , c o u l d c h a n g e 
s i g n i f i c a n t l y o v e r a 2 4 - h o u r p e r i o d , and the f i e l d c r e w s 
m a n n i n g b o a t s 3 and 4 b e l o w s t a t i o n 4 8 + 0 0 u s u a l l y had to 
m o d i f y the p r e s e l e c t e d s a m p l i n g s c h e m e s o m e w h a t d u r i n g e a c h 
r u n . 
T h e s a n i t a r y d i s t r i c t p e r s o n n e l a l s o had t o p e r f o r m s o m e 
p r e r u n p r e p a r a t i o n s . C h l o r i n a t i o n i n j e c t i o n into the e f f l u e n t 
c h a n n e l w a s shut off a n hour b e f o r e d y e i n j e c t i o n c o m m e n c e d . 
T h i s w a s n e c e s s i t a t e d b y the fact that c h l o r i n e d i r e c t l y 
i n t e r f e r e s w i t h f l u o r e s c e n c e , and the f l u o r e s c e n c e - d e t e c t i n g 
i n s t r u m e n t a t i o n u s e d d u r i n g this s t u d y w a s e s p e c i a l l y 
s e n s i t i v e t o such i n t e r f e r e n c e . I m m e d i a t e l y u p o n c o m p l e t i o n 
of a r u n , c h l o r i n a t i o n w a s r e s u m e d . Run d u r a t i o n s r a n g e d f r o m 
a m i n i m u m of 8 h o u r s to a m a x i m u m of a p p r o x i m a t e l y 1 0 . 5 
h o u r s . A l s o , p r e d e t e r m i n e d p l a n t f l o w r a t e s had t o b e set a n d 
m a i n t a i n e d t h r o u g h o u t a r u n . D u r i n g dry w e a t h e r , p l a n t f l o w s 
less than 30 m g d c o u l d be m a i n t a i n e d over an 8- to 1 0 - h o u r 
p e r i o d w i t h o u t m a k i n g a s p e c i a l a l l o w a n c e for s t o r a g e . 
H o w e v e r , at f l o w s 30 m g d or g r e a t e r , s o m e f l o w had to be 
a c c u m u l a t e d a n d s t o r e d i n the p l a n t d i u r n a l s t o r a g e b a s i n . 
T h i s m e a n t that n o e f f l u e n t w a s a l l o w e d t o b e d i s c h a r g e d for 
v a r y i n g p e r i o d s of t i m e p r i o r to the s t a r t of runs s c h e d u l e d 
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for d i s c h a r g e s g r e a t e r than 3 0 m g d . T h i s p r o c e d u r e , w h i c h w a s 
u n k n o w n to ISWS p e r s o n n e l d u r i n g the e a r l y s t a g e s of the 
s t u d y , a f f e c t e d the r e s u l t s of two of the e a r l y river w a t e r 
q u a l i t y s a m p l i n g r u n s . T h e r e s u l t s for t h e s e two e a r l y w a t e r 
q u a l i t y s a m p l i n g r u n s m a d e in c o n j u n c t i o n w i t h dye runs for 
G P S D d i s c h a r g e s o f 4 0 m g d and 3 5 m g d r e f l e c t a m b i e n t r i v e r 
c o n d i t i o n s s i n c e the r i v e r w a t e r q u a l i t y s a m p l i n g w a s d o n e the 
day b e f o r e the d y e run at a time w h e n the G P S D w a s s t o r i n g all 
of the i n c o m i n g f l o w . W h e n ISWS p e r s o n n e l b e c a m e a w a r e of 
t h i s , river w a t e r q u a l i t y s a m p l i n g w a s p e r f o r m e d two d a y s 
a f t e r the m i x i n g z o n e run w a s c o m p l e t e d . 
D y e A n a l y t i c a l M e a s u r e m e n t P r o c e d u r e s 
T h e river d y e s a m p l e s w e r e r e t u r n e d t o the l a b o r a t o r y b y 
e a c h b o a t c r e w i m m e d i a t e l y a f t e r their i n d i v i d u a l a s s i g n m e n t 
w a s c o m p l e t e d . T h e s a m p l e c o n t a i n e r s w e r e o p e n e d , and the 
s a m p l e s w e r e left u n d i s t u r b e d for a p e r i o d s u f f i c i e n t for all 
the c o n t a i n e r s t o r e a c h u n i f o r m a m b i e n t r o o m t e m p e r a t u r e . 
D u r i n g the a n a l y s e s s a m p l e and s t a n d a r d R h o d a m i n e W T s o l u t i o n 
t e m p e r a t u r e s w e r e c o n t i n u o u s l y m o n i t o r e d u s i n g a s t a n d a r d 
m e r c u r y - f i l l e d g l a s s t h e r m o m e t e r . 
R h o d a m i n e W T d y e s t a n d a r d s o l u t i o n s w e r e p r e p a r e d w i t h 
d o u b l e d e i o n i z e d w a t e r t o c o v e r c o n c e n t r a t i o n s r a n g i n g f r o m 
0.2 µg/l to 75 µ g / l . T h e s t a n d a r d s w e r e r e a d h o u r l y or at any 
time w h e n a f l u o r o m e t e r a p e r t u r e ( l i g h t o p e n i n g ) c h a n g e w a s 
n e e d e d . 
B e f o r e a run w a s m a d e , s a m p l e s f r o m the G P S D e f f l u e n t and 
f r o m v a r i o u s p o i n t s i n the river s t u d y r e a c h w e r e c o l l e c t e d 
and a n a l y z e d for b a c k g r o u n d f l u o r e s c e n c e . T h e d y e s a m p l e s 
w e r e then c o r r e c t e d u s i n g the p r o p e r b a c k g r o u n d v a l u e . 
A T u r n e r M o d e l 110 f l u o r o m e t e r e q u i p p e d w i t h a 
5 4 6 - n a n o m e t e r p r i m a r y f i l t e r and 5 9 0 - n a n o m e t e r n a r r o w b a n d p a s s 
s e c o n d a r y f i l t e r w a s u s e d t o a n a l y z e s a m p l e s t h r o u g h A u g u s t 
2 1 , 1 9 8 4 . T h i s f l u o r o m e t e r c e a s e d t o f u n c t i o n p r o p e r l y 
t h e r e a f t e r and w a s r e p l a c e d w i t h a n A m i n c o f l u o r o - c o l o r i m e t e r 
e q u i p p e d w i t h a 5 4 6 - n a n o m e t e r p r i m a r y f i l t e r and a c o m b i n a t i o n 
497 b l u e and 3-66 red s e c o n d a r y f i l t e r . 
D y e c o n c e n t r a t i o n s w e r e c a l c u l a t e d u s i n g c o n c e n t r a t i o n 
v e r s u s f l u o r o m e t e r dial r e a d i n g c u r v e s d e v e l o p e d t h r o u g h least 
s q u a r e s linear r e g r e s s i o n c u r v e f i t t i n g t e c h n i q u e s . All 
v a l u e s w e r e c o r r e c t e d to a s t a n d a r d t e m p e r a t u r e of 2 9 ° C u s i n g 
the c o r r e c t i o n c o e f f i c i e n t s p r e s e n t e d b y C o b b a n d B a i l e y 
( 1 9 6 5 ) . 
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O t h e r D a t a C o l l e c t i o n P r o c e d u r e s 
R i v e r d i s c h a r g e m e a s u r e m e n t s w e r e m a d e o n seven d a t e s 
u s i n g s t a n d a r d U S G S p r o c e d u r e s . Four m e a s u r e m e n t s w e r e m a d e 
at s t a t i o n 1 0 4 + 0 0 , two at 9 + 0 0 , and o n e at 4 + 0 0 . H o r i z o n t a l 
d i s t a n c e s w e r e m e a s u r e d by l i n i n g up -on the s t a k e s (see f i g u r e 
4) and s i g h t i n g the w a t e r e d g e s t a k e w i t h a r a n g e f i n d e r . 
V e r t i c a l d e p t h s w e r e m e a s u r e d u s i n g a d o w n r i g g e r e q u i p p e d w i t h 
a d e p t h c o u n t e r as s h o w n on f i g u r e 8. V e l o c i t y m e a s u r e m e n t s 
w e r e taken at the 0 . 2 - f r a c t i o n a l and 0 . 8 - f r a c t i o n a l d e p t h s 
u s i n g a P r i c e c u r r e n t m e t e r . V e r t i c a l m e a s u r e m e n t s w e r e taken 
e v e r y 25 feet on a c r o s s s e c t i o n . 
T h e p r i m a r y p u r p o s e o f t a k i n g the f l o w m e a s u r e m e n t s w a s 
to d e t e r m i n e , for a r a n g e of f l o w s , the p e r c e n t a g e 
c o n t r i b u t i o n of f l o w at a g i v e n p o i n t or b e t w e e n two g i v e n 
p o i n t s on a t y p i c a l c r o s s s e c t i o n as s h o w n by f i g u r e 1 3 . T h e 
r e s u l t s a t s t a t i o n s 4 + 0 0 a n d 9 + 0 0 w e r e u s e d t o h e l p d e v e l o p o r 
d e l i n e a t e a m i x i n g z o n e w h i l e the r e s u l t s of the m e a s u r e m e n t s 
taken a t 1 0 4 + 0 0 w e r e u s e d t o d e v e l o p m a s s - d i a g r a m c u r v e s . 
O n S e p t e m b e r 1 8 , the G P S O e f f l u e n t f l o w r a t e w a s c h e c k e d 
u s i n g a c u r r e n t m e t e r . T h e m e a s u r e m e n t w a s m a d e at a box 
c u l v e r t p a s s i n g o v e r the e f f l u e n t c h a n n e l s e v e r a l h u n d r e d feet 
a b o v e the d y e i n j e c t i o n p o i n t . O n this d a t e , the p l a n t f l o w 
m e t e r r e g i s t e r e d 5 0 m g d w h i l e the c o m p u t e d d i r e c t c h a n n e l 
m e a s u r e m e n t w a s 4 6 m g d . The field f l o w m e a s u r i n g p r o c e d u r e 
p r o d u c e s f l o w r a t e s w i t h i n p l u s or m i n u s 10 p e r c e n t of a c t u a l 
v a l u e s ; c o n s e q u e n t l y , the p l a n t f l o w m e a s u r i n g s y s t e m a p p e a r s 
to be well c a l i b r a t e d and a c c u r a t e . 
B e c a u s e of the g r e a t e f f o r t e x p e n d e d to a c c u r a t e l y g a g e 
and m e t e r the d y e i n j e c t i o n , c o u p l e d w i t h v e r y d i f f i c u l t 
a c c e s s t o the e f f l u e n t d e l t a c h a n n e l s , d i r e c t m e a s u r e m e n t o f 
the d y e c o n c e n t r a t i o n in the e f f l u e n t c h a n n e l s w a s not 
c o n s i d e r e d n e c e s s a r y e a r l y i n the s t u d y . T h e c o m p u t e d 
e f f l u e n t dye c o n c e n t r a t i o n w a s to be used to e v a l u a t e m i x i n g 
and d i s p e r s i o n in the r i v e r . On A u g u s t 2 8 , 1 9 8 4 , h o w e v e r , a 
c a s u a l check of the e f f l u e n t d y e c o n c e n t r a t i o n in the c o n c r e t e 
e f f l u e n t o v e r f l o w b o x on the r i v e r - s i d e of the levee and at 
the m o u t h o f the m o s t u p s t r e a m d e l t a c h a n n e l p r o d u c e d 
u n e x p e c t e d r e s u l t s . B o t h s a m p l e s e x h i b i t e d s i m i l a r 
c o n c e n t r a t i o n s ( 1 1 7 . 6 µg/l at the box v e r s u s 1 2 0 . 4 µg/l at the 
m o u t h o f the c h a n n e l ) ; h o w e v e r , t h e s e v a l u e s w e r e about 136 t o 
139 p e r c e n t a b o v e the t h e o r e t i c a l i n j e c t i o n c o n c e n t r a t i o n . 
S i m i l a r r e s u l t s w e r e o b s e r v e d d u r i n g the next run o n S e p t e m b e r 
1 1 . 
C o n s e q u e n t l y , a d e t a i l e d s a m p l i n g p r o g r a m w a s d e v e l o p e d 
t o i n v e s t i g a t e this p h e n o m e n o n . O n e l e v e n d a t e s , e f f l u e n t 
s a m p l e s w e r e c o l l e c t e d at 10 l o c a t i o n s in the d i s c h a r g e a r e a : 
five in the o v e r f l o w box and five in the t h r e e m a i n d e l t a 
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Figure 13. Accumulated percentage of flow in a transverse direction 
at station 104+00 
c h a n n e l s a s s h o w n o n f i g u r e 1 4 . O n l y two o f the s a m p l i n g s 
c o i n c i d e d w i t h r e g u l a r m i x i n g z o n e r u n s ( S e p t e m b e r 1 8 and 
O c t o b e r 2 3 ) , w h i l e the o t h e r n i n e w e r e s p e c i a l e v e n t s (see 
t a b l e 3 ) . For the s p e c i a l e v e n t s the d y e i n j e c t i o n p u m p w a s 
o p e r a t e d just long e n o u g h for the d y e to r e a c h s t e a d y s t a t e 
c o n d i t i o n s w i t h i n the e f f l u e n t d e l t a a r e a . A f t e r the ten 
s a m p l e s w e r e c o l l e c t e d the i n j e c t i o n p u m p w a s t u r n e d o f f . 
D a t a P r e p a r a t i o n and R e d u c t i o n P r o c e d u r e s 
P r e s e n t i n g the r e s u l t s of a m i x i n g z o n e and d i s p e r s i o n 
s t u d y in a c o n c i s e a n d m e a n i n g f u l w a y is d i f f i c u l t b e c a u s e so 
m a n y v a r i a b l e s e x i s t that m o d i f y b a s i c n a t u r a l m i x i n g 
p h e n o m e n a in a l a r g e r i v e r s y s t e m . To d a t e , no c o n c e p t u a l 
m o d e l s h a v e b e e n d e v e l o p e d and v e r i f i e d t o aid i n the t a s k . 
B u t t s et a l . ( 1 9 8 4 ) d i s c u s s e d this fact in d e t a i l in their 
r e p o r t o n the s t u d y o f P e o r i a c o m b i n e d s e w e r o v e r f l o w m i x i n g 
a n d d i s p e r s i o n . T h e o r e t i c a l m o d e l s c e r t a i n l y d o not a p p e a r t o 
b e a p p l i c a b l e t o the d a t a g e n e r a t e d d u r i n g t h i s s t u d y . 
C o n s e q u e n t l y , s i m p l e , r a t i o n a l a p p r o a c h e s w i l l b e u t i l i z e d t o 
r e d u c e and d i s p l a y the r e s u l t s . 
T h e p r i m a r y m e t h o d s o f d a t a d i s p l a y used i n t h i s r e p o r t 
a r e i s o - p l o t s o f d y e c o n c e n t r a t i o n p e r c e n t a g e s , h e r e a f t e r 
r e f e r r e d t o s i m p l y a s d y e c o n t o u r p l o t s . C o n t o u r p l o t s w e r e 
d e v e l o p e d for s u r f a c e , 1-, 3 - , and 8 - f o o t d e p t h s d o w n t o 
s t a t i o n 1 2 + 0 0 for all ten s a m p l i n g d a t e s . P l o t s w e r e 
d e v e l o p e d for s u r f a c e , 3 - , and 8-foot d e p t h s d o w n t o s t a t i o n 
1 0 8 + 0 0 for two s e l e c t e d d a t e s . The p l o t s d e v e l o p e d d o w n t o 
s t a t i o n 1 2 + 0 0 a r e m o r e d e t a i l e d and a r e d r a w n t o a s c a l e 
d o u b l e that t o w h i c h the f u l l - l e n g t h p l o t s w e r e d r a w n . T h e y 
r e f l e c t a c l e a r e r p i c t u r e of m i x i n g v a r i a b i l i t y in the 
i m m e d i a t e a r e a o f the o u t f a l l , w h i l e the p l o t s c o v e r i n g the 
w h o l e s t u d y a r e a p r e s e n t a g o o d p i c t u r e o f o v e r a l l 
d i s p e r s i o n . 
To e n a b l e the d e v e l o p m e n t of c o n t o u r s at a g i v e n d e p t h , 
s t r a i g h t line e x t r a p o l a t i o n w a s u s e d t o e s t i m a t e d y e 
c o n c e n t r a t i o n s a t 1-foot d e p t h i n c r e m e n t s b e t w e e n m e a s u r e d 
v a l u e s . T a b l e 2 i l l u s t r a t e s the e x p a n s i o n of the o b s e r v e d 
d a t a b a s e u s i n g e x t r a p o l a t i o n . I n a l m o s t all c a s e s , the 
e x t r a p o l a t e d r e s u l t s a p p e a r e d r e a s o n a b l e and l o g i c a l . 
T h e p l o t s a r e all in t e r m s of p e r c e n t a g e s that r e f l e c t 
the c o n c e n t r a t i o n of d y e d e t e c t e d in a c e r t a i n spot in the 
r i v e r r e l a t i v e to the c o n c e n t r a t i o n in the G P S D e f f l u e n t . 
T h e s e p e r c e n t a g e s can b e u s e d t o e s t i m a t e the r e s i d u a l 
c o n c e n t r a t i o n o f any r e l a t i v e l y s t a b l e e f f l u e n t c o n t a m i n a n t . 
A s d i s c u s s e d i n the last s e c t i o n , the e f f l u e n t d y e 
c o n c e n t r a t i o n s w e r e not s a m p l e d p r i o r t o A u g u s t 2 8 , 1 9 8 4 . 
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Figure 14. Schematic of GPSD outfall delta, showing dye sampling voints 
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Table 2. Typical Vertical Extrapolated Dye Percentages 
Exemplified by Two August 28, 1984 Locations 
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42+00 0 (0.1) (0.3) (0. 6) (0.5) (0.8) (0.7) (0.3) (0.2) (0.1) (0.2) 
1 0.6 0.8 0.7 0.3 0.3 0.3 0.5 
2 0.7 0.8 0.7 0.4 0.5 0.5 0.8 
3 0.8 0.9 0.8 0.5 0.7 0.7 1.1 
4 (0.8) 0.9 0.8 0.6 0.8 0.9 1.4 
5 1.0 0.9 0.7 1.1 1.1 1.7 























































Note: Measured values are in parentheses 
C o n s e q u e n t l y , for six of the ten m i x i n g a n d d i s p e r s i o n runs no 
d i r e c t l y m e a s u r e d e f f l u e n t dye c o n c e n t r a t i o n s w e r e a v a i l a b l e 
to d e v e l o p river p e r c e n t a g e v a l u e s . T a b l e 3 s u m m a r i z e s the 
m e a s u r e d v a l u e s o b t a i n e d at s a m p l i n g p o i n t s 8, 9, a n d 10 (see 
f i g u r e 14) f r o m A u g u s t 2 8 t h r o u g h O c t o b e r 2 3 , 1 9 8 4 . A l s o 
i n c l u d e d in the table are the t h e o r e t i c a l c a l c u l a t e d 
c o n c e n t r a t i o n s . The d a t a i n c l u d e i n f o r m a t i o n for both the 
m i x i n g z o n e run d a t e s and the s p e c i a l e v e n t d a t e s for w h i c h 
o n l y the e f f l u e n t d e l t a c h a n n e l s w e r e s a m p l e d . 
T h e r a t i o of the m e a s u r e d c o n c e n t r a t i o n s to the 
t h e o r e t i c a l c a l c u l a t e d v a l u e s v a r i e d c o n s i d e r a b l y over the 
c o u r s e o f the m e a s u r e m e n t s . H o w e v e r s o m e p e r i o d i c c o n s i s t e n c y 
w a s e v i d e n t . T h e r a t i o s f r o m A u g u s t 2 8 t h r o u g h S e p t e m b e r 2 1 
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Table 3. Summary of Effluent Dye Concentration Values 
Measured Co nc. Weighted Weighted Mean Ratio - Weighted 
Calculated (µg/l) @ Station Mean of 8, 9, Corrected Mean @ 29°C to 
Date Conc. (µg/l) 
80.5 
8 9 10 
— 
and 10 values** to 29°C Calculated Value 
7/12 — — — (98.2) — 
7/19 108.3 — — — — (132.1) — 
7/31 126.9 — — — — (154.8) — 
8/07 179.9 — — — — (219.4) — 
8/14 108.8 — — — — (132.7) — 
8/21 108.2 — — — — (132.0) — 
8/28 86.2 120.4 — — 120.4 108.5 1.26 
9/11 68.7 89.0 — — 89.0 80.2 1.17 
9/18 73.2 96.5 90.5 92.0 94.4 85.0 1.16 
9/21* 188.9 253.6 253.6 260.9 255.7 230.4 1.22 
9/24* 150.8 249.6 249.6 249.6 249.6 224.9 1.49 
9/27* 178.0 186.5 189.0 191.5 188.3 169.7 0.95 
10/01* 170.3 201.2 203.9 203.9 202.4 182.4 1.07 
10/04* 163.4 191.7 195.0 191.7 192.2 173.2 1.06 
10/08* 170.6 143.6 146.6 143.6 144.0 129.7 0.76 
10/11* 102.6 88.3 88.3 85.4 87.5 78.8 0.77 
10/15* 151.6 123.1 118.9 121.0 121.9 109.8 0.72 
10/18* 119.7 195.1 191.6 191.6 193.6 174.4 1.46 
10/23 97.5 155.2 155.2 155.2 155.2 139.8 1.43 
* Special effluent sampling events 
** Based on relative channel flow ratios of 4, 1, and 2 for stations 8, 9, 
and 10, respectively 
Note: Values in parentheses represent the calculated concentrations 
multiplied by 1.22, the 9/21/84 weighted mean to calculated value ratio 
w e r e all r o u g h l y 120 p e r c e n t o f u n i t y , t h o s e f r o m S e p t e m b e r 2 7 
t h r o u g h O c t o b e r 4 a p p r o x i m a t e d u n i t y , t h o s e b e t w e e n O c t o b e r 8 
a n d O c t o b e r 15 w e r e e q u a l to a b o u t 75 p e r c e n t of u n i t y , a n d 
t h o s e for the last two d a t e s a p p r o a c h e d 150 p e r c e n t of u n i t y . 
No full e x p l a n a t i o n is a v a i l a b l e for t h i s p a t t e r n . T h e fact 
that A r c h e r D a n i e l s M i d l a n d C o m p a n y s t a r t e d u p o p e r a t i o n s a n d 
b e g a n d i s c h a r g i n g a l a r g e m a s s o f w a s t e s o n S e p t e m b e r 2 5 , 1 9 8 4 
m a y h a v e c a u s e d the a b r u p t c h a n g e that o c c u r r e d b e t w e e n the 
S e p t e m b e r 2 4 and S e p t e m b e r 2 7 s a m p l i n g d a t e s . A d r a m a t i c 
c h a n g e i n the q u a l i t y o f e f f l u e n t w a s v i s u a l l y d i s c e r n i b l e 
d u r i n g the S e p t e m b e r 2 7 s a m p l e c o l l e c t i o n run f r o m that w h i c h 
h a d b e e n o b s e r v e d up to that d a t e . 
T h e r a t i o s for the f i v e d a t e s f r o m A u g u s t 2 8 t h r o u g h 
S e p t e m b e r 2 4 a r e p r o b a b l y m o r e r e p r e s e n t a t i v e o f the 
c o n d i t i o n s w h i c h e x i s t e d for the d a t e s July 1 2 t h r o u g h A u g u s t 
2 1 , for w h i c h n o e f f l u e n t s a m p l i n g w a s d o n e , than are the 
r a t i o s for the e i g h t d a t e s f r o m S e p t e m b e r 2 7 t h r o u g h O c t o b e r 
2 3 . T h e m e a n and m e d i a n o f the f i v e v a l u e s i s b a s i c a l l y 
r e p r e s e n t e d b y the 1.22 r a t i o o b s e r v e d for S e p t e m b e r 2 1 ; 
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c o n s e q u e n t l y , this v a l u e w a s used to g e n e r a t e e s t i m a t e d 
" o b s e r v e d " w e i g h t e d m e a n v a l u e s for the six m i s s i n g d a t e s . 
The "observed" values were computed by multiplying the 
computed concentration for each of these dates by 1.22. The 
r e s u l t a n t v a l u e s are i n c l u d e d in p a r e n t h e s e s in table 3 and 
w e r e used to c o m p u t e the p e r c e n t a g e s used in d e r i v i n g the 
c o n t o u r p l o t s for these d a t e s . 
T h e W a t e r Q u a l i t y S e c t i o n of the I l l i n o i s S t a t e W a t e r 
S u r v e y has over 20 y e a r s of I l l i n o i s River w a t e r q u a l i t y data 
o b t a i n e d from w e e k l y g r a b s a m p l e s c o l l e c t e d a p p r o x i m a t e l y 1.5 
m i l e s a b o v e the G P S D o u t f a l l . Included in these h i s t o r i c a l 
d a t a a r e p a r a m e t e r s such a s p H , t e m p e r a t u r e , and a m m o n i a - N , 
w h i c h are important in a s s e s s i n g the e f f e c t s of a m m o n i a - N on 
the a q u a t i c e n v i r o n m e n t . The i n f o r m a t i o n o b t a i n e d for p H , 
t e m p e r a t u r e , and a m m o n i a - N w a s t a b u l a t e d for the years 1978 
t h r o u g h 1983 and for the first n i n e m o n t h s of 1 9 8 4 . An 
a s s e s s m e n t w a s then m a d e as to the f r e q u e n c y of v i o l a t i o n of 
IEPA a m m o n i a - N s t a n d a r d s b e f o r e and after G P S O a m m o n i a - N 
i n p u t s . The G P S O d i s c h a r g e e f f e c t s o n river a m m o n i a - N v a l u e s 
w e r e e v a l u a t e d in terms of c o n c e n t r a t i o n a d d i t i o n s in m g / l . 
River loads w e r e c o m p u t e d using e s t i m a t e d river flows at 
P e o r i a d e r i v e d b y s u b t r a c t i n g U S G S M a c k i n a w River d i s c h a r g e s 
from those r e c o r d e d by the U S G S at K i n g s t o n M i n e s on the 
I l l i n o i s R i v e r b e l o w P e o r i a . The m i x i n g z o n e - d i s p e r s i o n 
p o r t i o n of the study p r o v i d e d i n f o r m a t i o n on the l o c a l i z e d and 
s h o r t - t e r m e f f e c t s of the G P S D e f f l u e n t on river w a t e r 
q u a l i t y . T o d e t e r m i n e the e f f e c t s o f G P S D a m m o n i a d i s c h a r g e s 
d o w n s t r e a m o f the o u t f a l l , D O sag c u r v e s i m u l a t i o n s w e r e 
p e r f o r m e d for v a r i o u s w a s t e d i s c h a r g e s c e n a r i o s using the 
w a t e r q u a l i t y model d e v e l o p e d by B u t t s et a l . C 1 9 7 3 ) and 
r e c e n t l y a p p l i e d to the I l l i n o i s W a t e r w a y by B u t t s et a l . 
( 1 9 8 3 ) . 
R E S U L T S 
The b a s i c a c c o m p l i s h m e n t s and o b j e c t i v e s that w e r e 
a c h i e v e d in the study are r e p o r t e d in this s e c t i o n . The w a t e r 
q u a l i t y s a m p l i n g r e s u l t s are p r e s e n t e d f i r s t , a f t e r w h i c h the 
m i x i n g zone d i s p e r s i o n study r e s u l t s are g i v e n . T h e 
r e l a t i o n s h i p s b e t w e e n the two i n d e p e n d e n t l y c o l l e c t e d d a t a 
b a s e s will be p r e s e n t e d later under the " D i s c u s s i o n " s e c t i o n . 
W a t e r Q u a l i t y S a m p l i n g R e s u l t s 
River w a t e r q u a l i t y s a m p l i n g w a s p e r f o r m e d on 16 d a t e s 
from July 11 through O c t o b e r 2 5 , 1 9 8 4 . The d a t e s s a m p l e d and 
the h y d r a u l i c and h y d r o l o g i c c o n d i t i o n s w h i c h e x i s t e d d u r i n g 
these s a m p l i n g d a t e s are p r e s e n t e d in table 4. 
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Table 4. Water Quality Sampling Dates and 
River Hydraulic and Hydrologic Conditions 
Water Quality Dis charge Pool 
Stage 
Peoria Dam Operation 













7/18 21 9,216 440.53 0 6 0 
7/24 25 8,840 440.35 0 6 0 
7/30 21 8,204 440.14 0 6 0 
8/06 23 7,294 439.25 0 0 0 
8/13 0 8,250 440.51 0 6 0 
8/20 0 8,117 440.04 0 6 0 
8/23 21 7,397 439.87 0 0 0 
8/30 21 6,857 440.08 0 0 107 
9/04 20 7,921 440.90 0 6 107 
9/13 21 5,525 440.11 0 0 63 
9/27 20 10,346 440.54 8 6 12 
10/04 20 5,518 440.20 0 0 42 
10/11 26 6,751 440.27 0 6 40 
10/15 24 6,554 440.32 0 6 40 
10/25 23 8,257 440.20 6 6 28 
N o t e that the G P S D w a s not d i s c h a r g i n g d u r i n g the A u g u s t 
13 and 20 s a m p l i n g r u n s . D u r i n g the river s a m p l i n g p e r i o d on 
these d a t e s , all i n c o m i n g flow w a s b e i n g s t o r e d in 
a n t i c i p a t i o n of m i x i n g zone runs at flows of 40 m g d and 35 m g d 
on the f o l l o w i n g d a y s . A f t e r A u g u s t 2 0 , all w a t e r q u a l i t y 
s a m p l i n g w a s p e r f o r m e d two days f o l l o w i n g a " d y e " run. H e n c e , 
two sets of w a t e r q u a l i t y s a m p l i n g r e s u l t s are a s s o c i a t e d w i t h 
the A u g u s t 21 m i x i n g zone run. 
The river h y d r a u l i c c o n d i t i o n s in the study a r e a are 
g r e a t l y a f f e c t e d by the o p e r a t i o n of the P e o r i a lock and d a m 
located s l i g h t l y m o r e than two m i l e s b e l o w the outfall (see 
f i g u r e 1 ) . The m i x i n g and d i s p e r s i o n and h e n c e the impacts of 
the G P S D d i s c h a r g e s are g r e a t l y a f f e c t e d by the d a m 
o p e r a t i o n . F i g u r e 15 shows the d e t a i l s of the lock and d a m . 
F l o w r e l e a s e is c o n t r o l l e d p r i m a r i l y by the m a n i p u l a t i o n of 
c o l l a p s i b l e w e i r s known a s C h a n o i n e w i c k e t s . D u r i n g p e r i o d s 
of s u s t a i n e d high f l o w s , all the w i c k e t s e c t i o n s are lowered 
to the river b o t t o m on a h i n g e , a l l o w i n g u n r e s t r i c t e d travel 
a c r o s s the s t r u c t u r e w i t h o u t l o c k i n g . An individual w i c k e t is 
16.5 feet d e e p , 4 feet w i d e , and 1 foot t h i c k ; each is 
s e p a r a t e d by a space s l i g h t l y less than 4 inches w i d e . D u r i n g 
i n t e r m e d i a t e flows the m a j o r p o r t i o n of the river f l o w is 
a l l o w e d to d i s c h a r g e t h r o u g h the s p a c e s b e t w e e n the w i c k e t s ; a 
m i n i m a l a m o u n t of w a t e r p a s s e s over the t o p . At t i m e s , a 
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Figure 15. Details of Peoria look and dam 
l i m i t e d n u m b e r of w i c k e t s a r e l o w e r e d as a m e a n s of f i n i t e 
f l o w c o n t r o l . W h e n v e r y low f l o w s o c c u r , 4 " b y 4 " t i m b e r 
" n e e d l e s " a r e i n s e r t e d in the s p a c e s as n e e d e d to c r e a t e or 
m a i n t a i n the d e s i r e d pool l e v e l . A d d i t i o n a l f l o w c o n t r o l can 
be a c h i e v e d by o p e n i n g or c l o s i n g a n u m b e r of 6-foot b u t t e r f l y 
v a l v e s l o c a t e d a l o n g the w e s t s i d e o f the d a m . 
The i n f o r m a t i o n p r e s e n t e d in t a b l e 4 s h o w s that w a t e r 
q u a l i t y s a m p l i n g w a s a c h i e v e d d u r i n g a w i d e v a r i e t y o f d a m 
o p e r a t i n g c o n d i t i o n s . For e x a m p l e , o n two d a t e s s o m e o f the 
w i c k e t s w e r e d o w n , and o n o n e d a t e all the w i c k e t s w e r e u p 
w i t h m o s t of the n e e d l e s in p l a c e and no b u t t e r f l y v a l v e s 
o p e n . 
S a m p l i n g w a s a c h i e v e d over a l m o s t a t w o f o l d r a n g e in 
river f l o w . A r e l a t i v e l y low f l o w of 5 5 1 8 cfs o c c u r r e d on 
O c t o b e r 4, 1984 w h i l e a r e l a t i v e l y h i g h f l o w of 1 0 , 3 4 6 c f s 
o c c u r r e d o n l y o n e w e e k p r i o r t o t h a t . N o t e that w h e n the f l o w 
r e a c h e d a p p r o x i m a t e l y 1 0 , 0 0 0 c f s , s o m e w i c k e t s w e r e l o w e r e d t o 
a l l o w the e x c e s s f l o w t o p a s s . 
N o r m a l or flat pool s t a g e a b o v e the d a m is 4 4 0 . 0 feet 
a b o v e m e a n sea level ( m s l ) . G e n e r a l l y the pool w a s w i t h i n 
a b o u t o n e - h a l f foot of this, level d u r i n g the c o u r s e of the 
s t u d y . On two o c c a s i o n s , it w a s a l l o w e d to d r o p s l i g h t l y 
b e l o w the d e s i r a b l e 4 4 0 . 0 - f o o t e l e v a t i o n . 
The w a t e r q u a l i t y s a m p l i n g r e s u l t s a r e s u m m a r i z e d i n 
t a b l e s 5, 6, a n d 7 a n d the i n d i v i d u a l r e s u l t s u s e d to d e v e l o p 
t h e s e s u m m a r i e s are p r e s e n t e d i n A p p e n d i x C . T h e d a i l y t a b u l a r 
v a l u e s for t e m p e r a t u r e , p H , a m m o n i a - N , t u r b i d i t y , and D O 
r e p r e s e n t a v e r a g e s o f s a m p l e s taken a t the s u r f a c e , 3 - f o o t , 
m i d - d e p t h , and b o t t o m l e v e l s o n a v e r t i c a l . N i t r a t e - N and 
total K j e l d a h l - N ( T K N ) v a l u e s r e p r e s e n t o n e s a m p l e c o l l e c t e d 
at m i d - d e p t h . 
A m m o n i a - N w a s the p a r a m e t e r o f p r i m a r y i n t e r e s t , and s o m e 
s t a t i s t i c a l e v a l u a t i o n s u s i n g a n a l y s i s o f v a r i a n c e ( A N O V A ) 
t e s t s w e r e u s e d to d e t e r m i n e if d i f f e r e n c e s o b s e r v e d b e t w e e n 
m e a n c o n c e n t r a t i o n s o f v a r i o u s s a m p l e g r o u p i n g s w e r e 
s t a t i s t i c a l l y s i g n i f i c a n t . The i n d i v i d u a l c o n c e n t r a t i o n 
v a l u e s w e r e c o r r e c t e d t o f l o w - w e i g h t e d v a l u e s u s i n g the 
O c t o b e r 4 low f l o w of 5 5 1 8 cfs as the b a s e . T h i s m i n i m i z e d 
the i n f l u e n c e of f l o w on the r e l a t i v e v a r i a b i l i t y of the d a t a 
c o l l e c t e d on the 16 d a t e s . 
As a f i r s t s t e p in the s t a t i s t i c a l a n a l y s e s the d a t a w e r e 
g r o u p e d a c c o r d i n g t o t h o s e c o l l e c t e d d u r i n g the two d a y s w h e n 
n o G P S O e f f l u e n t w a s b e i n g d i s c h a r g e d and the 1 4 d a y s d u r i n g 
w h i c h i t w a s (see t a b l e 4 ) . T h e r e s u l t s o f this t e s t , a l o n g 
w i t h s e v e r a l o t h e r s , a r e s u m m a r i z e d i n t a b l e 8 . T h e m e a n v a l u e 
of 0.414 m g / l for the 48 s a m p l e s c o l l e c t e d d u r i n g no G P S D 
d i s c h a r g e w a s h i g h e r than the m e a n v a l u e of 0 . 3 7 5 m g / l for the 
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Table 5. Summary of River Water Quality Results 
at River Mile 160.95 
Depth Averaged Values at 150 and 550 feet f rom Ri ght Bank LDS* 
Temperature NH3 -N NH3 -N TK N Turbi dity 
( °C) pH (mg/l) (mg/l) (mg /l) (NT 
100' 
U's) 
Date 150' 550' 150' 550' 150' 550' 100' 550' 100' 550' 550' 
7/11/84 27.0 27.0 8.31 8.30 0.19 0.15 _ _ _ _ _ _ 
7/18 26.5 26.0 8.76 8.85 0.08 0.07 - - - - - -
7/24 29.6 30.9 8.51 8.51 0.25 0.21 - 1.15 - 2.26 - -
7/30 26.0 26.1 8.50 8.52 0.06 0.06 - 1.50 - 1.70 - -
8/06 29.0 29.1 8.13 8.15 0.20 0.21 - 1.91 - 1.62 - -
8/13 27.0 26.6 8.23 8.31 0.33 0.25 - 1.65 - 1.60 - -
8/20 26.0 25.5 8.01 8.08 0.34 0.24 - 1.61 - 1.54 71 69 
8/23 25.0 24.6 8.23 8.30 0.19 0.14 - 1.51 - 2.00 76 68 
8/30 27.8 27.4 8.16 8.13 0.25 0.29 - 1.64 - 1.67 56 63 
9/04 23.0 22.8 8.25 8.23 0.16 0.24 - 1.48 - 1.68 90 77 
9/13 24.0 24.2 8.09 8.10 0.44 0.35 - 2.59 - 1.43 81 80 
9/27 16.3 16.0 8.39 8.39 0.17 0.19 - - - 2.31 77 77 
10/04 16.5 16.4 8.18 8.19 0.26 0.28 - 3.16 - 1.06 60 71 
10/11 19.6 19.5 8.04 8.04 0.18 0.19 - 2.75 - 1.03 74 81 
10/15 21.0 20.0 8.00 8.03 0.20 0.19 - 2.92 - 1.29 62 70 
10/25 13.5 13.0 7.96 8.00 0.31 0.26 - 3.00 - 1.18 72 60 
Avg. 23.6 23.4 8.23 8.26 0.23 0.21 - 1.86 - 160.0 72 72 
* LDS = Looking Downstream 
336 s a m p l e s c o l l e c t e d d u r i n g the d i s c h a r g i n g d a t e s . H o w e v e r , 
this d i f f e r e n c e w a s f o u n d to be s t a t i s t i c a l l y i n s i g n i f i c a n t at 
the 5 p e r c e n t level of s i g n i f i c a n c e . To be a b l e to reject the 
h y p o t h e s i s that the m e a n s of v a r i o u s d a t a sets are e q u a l , the 
c o m p u t e d F - v a l u e s in t a b l e 8 m u s t e x c e e d the t h e o r e t i c a l 
v a l u e s from a s t a n d a r d s t a t i s t i c a l F - t a b l e . S u p e r f i c i a l l y the 
m e a n s are d i f f e r e n t for test 1, but the e x t r e m e v a r i a b i l i t y of 
the d a t a w i t h i n e a c h g r o u p i n g p r e v e n t s this d i f f e r e n c e from 
s h o w i n g u p s t a t i s t i c a l l y . 
A s e c o n d A N O V A e v a l u a t i o n w a s p e r f o r m e d on d a t a g r o u p e d 
a c c o r d i n g to near s h o r e ( 1 0 0 to 150 feet f r o m s h o r e ) and 
c e n t e r l l n e of c h a n n e l ( 4 0 0 to 5 5 0 feet f r o m s h o r e ) . In this 
c a s e , the near s h o r e a v e r a g e of 0.426 mg/l w a s found to be 
s i g n i f i c a n t l y h i g h e r than the c e n t e r l l n e of c h a n n e l a v e r a g e of 
0.333 m g / l . T h i s leads to the s u s p i c i o n that the a m m o n i a 
c o n c e n t r a t i o n in the e f f l u e n t m a y p o s s i b l y be i n f l u e n c i n g the 
a m m o n i a c o n c e n t r a t i o n in the river in the o u t f a l l area and 
d o w n s t r e a m . The r e s u l t s in table 8 r e v e a l this to be t r u e . 
T h e d i f f e r e n c e s b e t w e e n the o u t f a l l a v e r a g e ( s t a t i o n 1 6 0 . 0 1 ) 
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Table 6. Summary of River Water Quality Results at River Mile 160.01 
Depth Averaged Values at 100 and 400 feet from Right Bank LDS* 
Temperature NH3 -N NO3 
(mg 
-N TKN Turbid ity 
(°C) pH (mg/l) /l) (mg/l) (NTU 
100' 
's) 
Date 100' 400' 100' 400' 100' 400' 100' 400' 100' 400' 400' 
7/11/84 27.0 27.1 8.30 8.30 0.16 0.23 _ _ _ _ _ _ 
7/18 26.0 26.5 8.74 8.80 0.14 0.11 - - - - - _ 
7/24 32.1 32.0 8.55 8.56 0.22 0.16 1.24 1.16 2.10 1.42 - _ 
7/30 26.0 25.9 8.48 8.49 0.11 0.12 1.85 1.56 1.67 1.45 - _ 
8/06 29.0 28.8 8.05 8.18 0.25 0.26 1.79 1.80 1.88 1.87 - _ 
8/13 27.0 27.0 8.26 8.30 0.27 0.21 1.68 2.16 1.63 1.73 - _ 
8/20 26.0 25.5 8.04 8.04 0.25 0.38 1.84 1.66 1.69 1.56 55 65 
8/23 25.0 24.8 8.19 8.29 0.25 0.13 1.66 1.86 1.58 1.57 94 61 
8/30 27.1 27.0 8.08 8.05 0.37 0.39 1.69 1.69 1.76 1.90 53 77 
9/04 23.1 23.1 8.21 8.23 0.30 0.30 1.64 1.46 1.88 1.76 93 102 
9/13 24.0 24.0 7.90 8.09 0.52 0.44 3.04 2.62 1.53 1.48 62 83 
9/27 15.9 16.1 8.24 8.41 0.27 0.23 - - 2.46 2.37 69 75 
10/04 16.9 16.5 8.08 8.14 0.31 0.30 3.12 3.24 1.33 1.24 62 59 
10/11 19.9 19.4 7.63 8.05 0.96 0.20 2.32 2.72 2.23 1.10 74 87 
10/15 21.0 20.5 7.78 8.01 2.68 0.19 2.82 2.96 4.31 0.95 49 57 
10/25 13.8 13.0 8.00 8.00 0.53 0.29 3.15 3.17 1.34 0.78 72 70 
Avg. 23.7 23.6 8.16 8.25 0.47 0.25 2.14 2.16 1.96 1.51 68 74 
* LDS = Looking Downstream 
and t h o s e u p s t r e a m ( s t a t i o n 1 6 0 . 9 5 ) a n d d o w n s t r e a m ( s t a t i o n 
1 5 8 . 0 1 ) are h i g h l y s i g n i f i c a n t . The o u t f a l l a v e r a g e I s 
e x a c t l y t w i c e that of the u p s t r e a m v a l u e and 75 p e r c e n t 
g r e a t e r than the d o w n s t r e a m m e a n . 
A f o u r t h test r u n , g r o u p i n g the c e n t e r l i n e of c h a n n e l 
d a t a b y s t a t i o n s , r e v e a l e d s t a t i s t i c a l l y s i g n i f i c a n t 
d i f f e r e n c e s b e t w e e n the t h r e e m e a n s . I n this c a s e , the m e a n s 
i n c r e a s e d In a d o w n s t r e a m d i r e c t i o n . T h e i n f l u e n c e of the 
Q P S D a m m o n l a - N d i s c h a r g e Is s o m e w h a t e v i d e n t in the c h a n n e l 
c e n t e r l i n e near the o u t f a l l ; h o w e v e r , I t b e c o m e s c l e a r l y 
e v i d e n t i n the c h a n n e l a b o u t two m i l e s d o w n s t r e a m . 
A n o t h e r s t a t i s t i c a l e v a l u a t i o n w a s m a d e u s i n g the d a t a 
for the 1 4 d a t e s d u r i n g w h i c h G P S D e f f l u e n t w a s b e i n g 
d i s c h a r g e d . S t e p w i s e r e g r e s s i o n t e c h n i q u e s w e r e u s e d t o 
d e t e r m i n e the f a c t o r s w h i c h s i g n i f i c a n t l y a f f e c t the river 
a m m o n i a - N c o n c e n t r a t i o n a t v a r i o u s s a m p l i n g d e p t h s . The 
s u r f a c e , 3 - f o o t , m i d - d e p t h , and b o t t o m r i v e r a m m o n l a - N 
c o n c e n t r a t i o n s at b o t h the near s h o r e a n d c h a n n e l v e r t i c a l s In 
the o u t f a l l a r e a w e r e c o r r e l a t e d w i t h the G P S D e f f l u e n t 
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Table 7. Summary of River Water Quality Results at River Mile 158.01 
Depth Averaged Values at 100 and 400 feet from Right Bank LDS* 
Tempe rature NH3 -N DO Turbid ity 
(° C) pH (mg/l) (mg/l) (NTU's 
100' 
) 
Date 100' 400' 100' 400' 100' 400' 100' 400' 400' 
7/11/84 27.0 27.0 8.31 8.30 0.19 0.16 _ _ _ _ 
7/18 26.5 26.4 8.70 8.75 0.12 0.11 - - - -
7/24 29.6 29.6 8.46 8.53 0.23 0.24 - 6.50 _ _ 
7/30 26.3 25.8 8.44 8.44 0.12 0.15 - 8.88 _ _ 
8/06 28.4 28.5 8.00 8.00 0.29 0.30 - 4.97 _ _ 
8/13 27.4 27.3 8.33 8.33 0.21 0.29 - 5.40 _ _ 
8/20 26.0 26.1 8.04 8.05 0.31 0.23 - 5.28 67 65 
8/23 25.4 25.0 8.05 8.11 0.24 0.30 - 6.06 56 68 
8/30 27.4 27.3 8.02 8.02 0.31 0.27 - 4.95 94 65 
9/04 23.1 23.1 8.10 8.20 0.28 0.27 - 5.33 80 73 
9/13 23.6 23.8 8.08 8.10 0.48 0.48 - 6.86 67 66 
9/27 16.3 16.0 8.43 8.41 0.23 0.23 - 8.38 130 78 
10/04 16.9 16.6 8.09 8.14 0.36 0.35 - 8.74 124 57 
10/11 19.5 19.5 8.05 8.08 0.22 0.29 - 7.46 77 69 
10/15 20.3 20.1 7.99 7.98 0.24 0.32 - 7.06 57 53 
10/25 13.0 13.0 8.03 8.04 0.31 0.36 - 9.49 78 61 
Avg. 23.5 23.4 8.20 8.22 0.26 0.27 _ 6.03 83 66 
* LDS = Looking Downstream 
a m m o n i a - N c o n c e n t r a t i o n , f l o w r a t e , and t e m p e r a t u r e a n d the 
r i v e r d i s c h a r g e a n d t e m p e r a t u r e . T h e s p e c i f i c p a r a m e t r i c 
v a l u e s u s e d in the a n a l y s e s a r e p r e s e n t e d in t a b l e 9. T h e 
r e s u l t s a r e s u m m a r i z e d i n t a b l e 1 0 . 
T h e c o n c e n t r a t i o n s a t all p o i n t s o n the n e a r s h o r e 
v e r t i c a l w e r e i n f l u e n c e d t o the g r e a t e s t d e g r e e b y the 
e f f l u e n t a m m o n i a - N c o n c e n t r a t i o n a s e v i d e n c e d b y the 
s i n g u l a r l y h i g h c o r r e l a t i o n s s h o w n i n t a b l e 1 0 . T h e s u r f a c e 
a n d 3 - f o o t v a l u e s a r e a l m o s t e x c l u s i v e l y g o v e r n e d b y e f f l u e n t 
a m m o n i a - N l e v e l s . H o w e v e r , a t the 5 - a n d 9 - f o o t s a m p l i n g 
p o i n t s , the e f f l u e n t f l o w r a t e s a n d r i v e r t e m p e r a t u r e s c o m e 
i n t o p l a y a n d s i g n i f i c a n t l y i n c r e a s e the c o r r e l a t i o n s a b o v e 
the s i n g u l a r e f f l u e n t a m m o n i a - N v a l u e s . 
T h e c h a n n e l a m m o n i a - N c o n c e n t r a t i o n s a r e c o n s i d e r a b l y 
less p r e d i c t a b l e w h e n the f i v e i n d e p e n d e n t v a r i a b l e s a r e 
u s e d . T h e c o r r e l a t i o n s b e t w e e n r i v e r c h a n n e l a m m o n i a - N 
c o n c e n t r a t i o n s a n d a n y g i v e n p a r a m e t e r a r e not v e r y h i g h . 
A l s o , the m u l t i p l e c o r r e l a t i o n s , t a k i n g into a c c o u n t all f i v e 
i n d e p e n d e n t v a r i a b l e s , a r e not n e a r l y a s h i g h a s t h o s e for the 
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Table 8. Summary of Results Derived Using Analysis of Variance (ANOVA) 
Statistical Tests on the Variability of Ammonia-N 
Test 


















@ 5% Level 
Theoretical* 
1 No GPSD Effluent 
GPSD Effluent 
5.02 
2 Near Shore 

















2 189 9.11 3.69 










2 189 7.12 3.69 
* Theoretical value from standard statistical F-table 
f2 
Table 9. Parametric Value Inputs to Stepwise 
Regression Analyses at Station 160.01 
GPSD 















At 100' From Shore At 400' From Shore 
Date 0 3 5 9 0 3 8 15 100' 400' 
7/11 0.10 0.15 0.18 0.19 0.22 0.25 0.23 0.22 0.6 26.9 9,975 23 27.0 27.1 
7/18 0.12 0.09 0.16 0.18 0.12 0.19 0.16 0.18 1.3 20.9 9,216 24 26.0 26.5 
7/24 0.23 0.18 0.26 0.20 0.08 0.14 0.19 0.21 1.2 24.7 8.840 25 32.0 32.0 
7/30 0.09 0.09 0.12 0.14 0.09 0.14 0.13 0.11 0.7 20.7 8.204 25 26.0 26.0 
8/06 0.25 0.24 0.23 0.28 0.28 0.26 0.27 0.24 0.4 23.1 7.294 25 29.0 29.0 
8/23 0.21 0.14 0.30 0.36 0.12 0.08 0.09 0.23 0.4 20.7 9.397 24 25.0 25.0 
8/30 0.39 0.34 0.38 0.38 0.33 0.35 0.37 0.49 1.0 20.9 6.857 26 27.0 27.0 
9/04 0.32 0.25 0.33 0.31 0.32 0.30 0.29 0.30 0.3 20.3 7.921 24 23.0 23.0 
9/13 0.44 0.58 0.53 0.51 0.37 0.45 0.48 0.46 0.1 21.5 5.525 24 24.0 24.0 
9/27 0.23 0.31 0.24 0.31 0.18 0.22 0.19 0.34 0.3 19.9 10,346 20 16.0 16.0 
10/04 0.32 0.32 0.30 0. 30 0.34 0.29 0.28 0.27 0.2 20.4 5,518 25 17.0 16.5 
10/11 1.18 1.07 1.02 0.57 0.18 0.19 0.21 0.20 6.4 25.8 6,751 24 20.0 19.6 
10/15 2.99 1.52 3.23 2.97 0.22 0.21 0.20 0.14 8.0 24.0 6,554 24 21.0 20.5 
10/25 0.95 0.42 0.33 0.41 0.28 0.28 0.28 0.31 2.8 23.2 8,257 22 13.8 13.0 
No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
Table 10. Summary of Results of River Ammonia-N Stepwise 
Regression Analyses at Station 160.01 
(a.) Depth in Feet at 100' From Shore 

























2 .923 0.322 5 .982 0.097 2 .872 0.427 2 .817 0.451 
River Flow 3 .929 0.325 2 .945 0.146 4 .886 0.447 5 .857 0.471 
GPSD Temp. 4 .934 0.329 3 .968 0.118 5 .910 0.425 4 .829 0.484 
River Temp. 5 .940 0.335 4 .978 0.100 3 .881 0.434 3 .824 0.464 
(b.) Depth in Feet at 400' From Shore 
0 3 8 15 
GPSD NH3-N 
GPSD Flow 
2 .717 0.075 2 .675 0.076 2 .723 0.075 1 .380 0.105 
4 .826 0.067 5 .833 0.067 5 .859 0.065 5 .673 0.103 
River Flow 1 .643 0.078 1 .571 0.081 1 .630 0.081 2 .549 0.099 
GPSD Temp. 3 .816 0.065 3 .789 0.066 3 .788 0.070 3 .658 0.094 
River Temp. 5 .828 0.070 4 .828 0.064 4 .847 0.064 4 .670 0.098 
R = Multiple Correlation Coefficient 
SE = Standard Error of Estimate 
c o r r e s p o n d i n g n e a r s h o r e v a l u e s . R i v e r f l o w r a t e a p p e a r s t o 
be the s i n g l e m o s t i n f l u e n t i a l f a c t o r d o w n to m i d - d e p t h in the 
c h a n n e l . A t the b o t t o m , the e f f l u e n t a m m o n i a c o n c e n t r a t i o n 
s h o w s u p f i r s t i n the s t e p w i s e r e g r e s s i o n a n a l y s e s s e q u e n c e ; 
h o w e v e r , t h e c o r r e l a t i o n i s r e l a t i v e l y l o w , t h e r e b y 
d i m i n i s h i n g its s i n g u l a r i m p o r t a n c e . 
T h e p o r t i o n of the v a r i a b i l i t y e x p l a i n e d by a g i v e n 
p a r a m e t e r o r c o m b i n a t i o n o f p a r a m e t e r s can b e a s c e r t a i n e d b y 
s q u a r i n g the c o r r e l a t i o n c o e f f i c i e n t . A s a n e x a m p l e , a b o u t 8 3 
p e r c e n t ( O . 9 1 1 2 ) o f the v a r i a t i o n i n the near s h o r e s u r f a c e 
a m m o n i a - N c o n c e n t r a t i o n s can b e e x p l a i n e d b y the v a r i a b i l i t y 
o f the e f f l u e n t a m m o n i a - N l e v e l s . I n c o n t r a s t , the e f f l u e n t 
a m m o n i a - N level v a r i a b i l i t y e x p l a i n s o n l y a b o u t 6 2 p e r c e n t 
( 0 . 7 9 0 2 ) o f the v a r i a b i l i t y o b s e r v e d for the near s h o r e b o t t o m 
s a m p l e s , a n d o n l y a b o u t 7 3 p e r c e n t ( 0 . 8 5 7 ) o f the v a r i a t i o n 
at t h i s l o c a t i o n is e x p l a i n e d by all f i v e i n d e p e n d e n t 
v a r i a b l e s . In the c h a n n e l , the p e r c e n t a g e s for the a n a l y s e s 
i n c o r p o r a t i n g the f i v e f a c t o r s r a n g e f r o m a low of 45 p e r c e n t 
at the b o t t o m to a h i g h of 74 p e r c e n t at the 8 - f o o t d e p t h . 
R e g r e s s i o n o r e m p i r i c a l p r e d i c t i v e e q u a t i o n s w e r e 
d e v e l o p e d u s i n g the s t e p w i s e r e g r e s s i o n t e c h n i q u e s . T h e 
e q u a t i o n s a r e in the l i n e a r f o r m : 
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Table 11. Tabular Values of the Regression 
Coefficients Derived for Equation 2 
For the Near Shore Sampling Vertical 
at the Outfall 
Regression Coefficients  
On Vertical A B C 5 E F 
0 5.89 0.302 -0.0618 -0.00154 -0.166 0.0313 
3 5.09 0.146 -0.0204 -0.00165 -0.160 0.0284 
5 8.28 0.337 -0.1086 -0.00204 -0.253 0.0764 
9 8.33 0.293 -0.1172 -0.00181 -0.249 0.0722 
w h e r e Y = the a m m o n i a - N c o n c e n t r a t i o n at a g i v e n point in the 
r i v e r ; A, B, C, D, E, and F are r e g r e s s i o n c o e f f i c i e n t s ; X 1 = 
the G P S O e f f l u e n t a m m o n i a - N c o n c e n t r a t i o n in m g / l ; X 2 = the 
G P S D e f f l u e n t flow rate in m g d ; X 3 = the river flow rate in 
c f s ; X4 = the G P S D e f f l u e n t t e m p e r a t u r e in ° C ; and X5 = the 
river w a t e r t e m p e r a t u r e in °C. The c o e f f i c i e n t v a l u e s for the 
p o i n t s on the near s h o r e s a m p l i n g v e r t i c a l are p r e s e n t e d in 
table 11. T h e s e c o e f f i c i e n t s can be used in c o n j u n c t i o n w i t h 
e q u a t i o n 2 to p r e d i c t , w i t h a h i g h d e g r e e of a c c u r a c y , the 
e x p e c t e d a m m o n i a - N c o n c e n t r a t i o n at p o i n t s on a v e r t i c a l 
a p p r o x i m a t e l y 100 feet out from the s h o r e in the a r e a of the 
e f f l u e n t d i s c h a r g e . The c o e f f i c i e n t s d e r i v e d for the 
c e n t e r l i n e of c h a n n e l v e r t i c a l a r e not p r e s e n t e d b e c a u s e of 
the r e l a t i v e l y poor p r e d i c t i v e q u a l i t y of the r e s u l t s as 
e v i d e n c e d by a f o r e m e n t i o n e d high p e r c e n t a g e s of u n e x p l a i n e d 
v a r i a b i l i t y . 
The ISWS I l l i n o i s R i v e r a m m o n i a - N d a t a e x t r a c t e d f r o m 
l o n g - t e r m w e e k l y s a m p l i n g r e s u l t s and the c o r r e s p o n d i n g G P S O 
e f f l u e n t a m m o n i a c o n t e n t for the y e a r s 1978 t h r o u g h 1983 are 
p r e s e n t e d in A p p e n d i x D. The c o r r e s p o n d i n g d a t a for the first 
9 m o n t h s of 1984 are p r e s e n t e d in table 1 2 . A s u m m a r y of the 
m i n i m u m , a v e r a g e , and m a x i m u m d a i l y G P S O e f f l u e n t a m m o n i a - N 
c o n c e n t r a t i o n s and loads is g i v e n in A p p e n d i x E on a m o n t h l y 
b a s i s for the p e r i o d f r o m J a n u a r y 1978 t h r o u g h N o v e m b e r 1 9 8 4 . 
T e m p e r a t u r e and pH v a l u e s are i n c l u d e d in t a b l e 12 and 
A p p e n d i x D s i n c e t h e s e p a r a m e t e r s w e r e used t o e s t a b l i s h 
a l l o w a b l e a m m o n i a - N s t a n d a r d s a c c o r d i n g t o the c r i t e r i a 
c o n t a i n e d in p a r a g r a p h e) of S e c t i o n 3 0 2 . 2 1 2 of the IPCB's 
r u l e s and r e g u l a t i o n s p e r t a i n i n g t o w a t e r q u a l i t y s t a n d a r d s . 
T a b l e 1 3 p r e s e n t s the m a x i m u m a m m o n i a - N c o n c e n t r a t i o n s 
o b s e r v e d in the river d u r i n g the study at p o i n t s at or b e l o w 
the o u t f a l l . I n c l u d e d are o b s e r v e d t e m p e r a t u r e and p H v a l u e s 
w h i c h w e r e used t o o b t a i n " s t a n d a r d " v a l u e s . 
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Table 12, Summary of River and Greater Peoria Sanitary-
District (GPSD) 1984 Ammonia-Nitrogen Conditions 
IEPA NH3 -N 
standard River River GPSD GPSD 
Values for given River NH3-N NH3-N Contribution 
Temp NH3-N pH & temp flow loads loads to river 
Date pH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/3/84 8.00 0.0 0.67 3.1 15,810 57,201 186 0.002 
1/9 7.94 0.0 0.98 4.4 14,800 78,322 205 0.003 
1/16 7.98 0.0 1.19 3.1 12,830 82,446 218 0.003 
1/23 7.90 0.0 1.34 4.4 10,840 78,438 254 0.004 
1/30 7.86 0.0 1.76 4.4 9,835 93,472 229 0.004 
2/6 7.86 0.0 1.87 4.4 9,440 95,325 188 0.004 
2/13 7.91 0.5 1.53 4.4 11,440 94,517 401 0.007 
2/20 7.78 2.5 0.06 5.7 54,330 17,603 270 0.001 
2/27 7.90 5.0 0.53 4.4 45,770 130,994 198 0.001 
3/5 8.17 2.9 0.41 2.5 30,565 67,671 311 0.002 
3/12 8.21 0.1 0.54 2.5 23,230 67,739 218 0.002 
3/19 7.89 2.5 1.01 4.4 32,230 175,782 384 0.002 
3/26 7.98 4.0 0.43 3.1 52,370 121,603 499 0.002 
4/2 7.95 7.0 0.34 2.7 47,760 87,687 204 0.001 
4/9 8.16 8.5 0.28 2.0 40,780 61,659 277 0.001 
4/16 8.25 10.5 0.31 1.7 33,310 55,761 226 0.001 
4/23 8.14 9.2 0.57 2.1 30,710 94,525 607 0.004 
4/30 8.09 14.0 0.26 1.6 34,850 48,929 270 0.001 
5/8 8.00 15.0 0.21 1.5 35,530 38,023 249 0.001 
5/14 8.23 17.5 0.13 1.5 24,490 17,192 110 0.001 
5/21 8.60 21.5 0.08 1.5 12,000 5,184 341 0.005 
5/29 8.00 16.0 0.42 1.5 43,530 98,726 420 0.002 
6/4 8.10 20.0 0.21 1.5 40,500 45,927 212 0.001 
6/11 8.15 24.4 0.11 1.5 30,620 18,188 140 0.001 
6/18 8.29 26.6 0.08 1.5 23,470 10,139 108 0.001 
6/25 7.92 26.0 0.16 1.6 20,845 18,010 102 0.001 
7/2 8.09 24.9 0.08 1.5 11,380 4,916 114 0.002 
7/9 8.19 24.0 0.08 1.5 8,920 3,853 76 0.002 
7/16 8.54 27.9 0.07 1.5 9,770 3,693 191 0.004 
7/23 8.39 28.5 0.12 1.5 8,835 5,725 212 0.005 
7/30 8.48 25.8 0.06 1.5 8,425 2,730 121 0.003 
8/6 8.20 28.9 0.17 1.5 7,545 6,926 77 0.002 
8/13 8.15 27.0 0.20 1.5 8,286 8,949 89 0.002 
8/20 8.05 25.5 0.27 1.5 8,340 12,160 137 0.003 
8/27 8.00 24.1 0.11 1.5 7,035 4,179 151 0.004 
9/4 8.06 22.5 0.23 1.5 7,810 9,700 51 0.001 
9/10 8.09 21.0 0.35 1.5 7,590 14,345 190 0.005 
9/17 8.05 18.1 0.36 1.5 4,790 9,312 48 0.002 
9/24 8.01 22.0 0.10 1.5 6,875 3,713 54 0.002 
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Table 13. Maximum Ammonia-N Concentrations 
Observed at or below the GPSD Outfall 
Compared to IEPA Standards 
Maximum IEPA 
Distance Depth Temp. Observed Standard For 
Date River Mile 
158.01 










Given Temp. & pH 
7/11/84 1.5 7/18 160.01 100 5.0 26.0 8.70 0.16 1.5 
7/24 158.01 400 9.5 29.5 8.50 0.31 1.5 
7/30 158.01 400 9.5 25.5 8.40 0.18 1.5 
8/06 158.01 400 9.5 28.5 8.00 0.31 1.5 
8/13 160.01 100 5.0 27.0 8.25 0.33 1.5 
8/20 158.01 100 0 26.0 8.10 0.37 1.5 
8/23 160.01 400 3.0 25.5 8.05 0.40 1.5 
8/30 160.01 400 15.0 27.0 7.95 0.49 1.6 
9/04 160.01 100 5.0 23.0 8.20 0.33 1.5 
9/13 160.01 100 3.0 24.0 7.90 0.58 1.6 
9/27 160.01 400 15.0 16.0 8.40 0.34 1.5 
10/04 158.01 100 12 17.0 8.05 0.40 1.5 
10/11 160.01 100 0 20.0 7.55 1.18 2.9 
10/15 160.01 100 5.0 21.0 7.75 3.23 2.2 
10/25 160.01 100 0 14.5 8.00 0.95 1.5 
D y e M i x i n g and D i s p e r s i o n 
T e n m i x i n g z o n e and d i s p e r s i o n runs w e r e c o m p l e t e d . T h e 
d a t e s of the runs and the c o n d i t i o n s under w h i c h they w e r e 
c o n d u c t e d are s u m m a r i z e d in t a b l e 1 4 . All the runs p r o d u c e d 
good u s e a b l e d a t a . Two runs at an e f f l u e n t d i s c h a r g e rate of 
3 0 m g d w e r e m a d e : o n e o n J u l y 1 9 and the o t h e r o n O c t o b e r 2 3 . 
River f l o w and s t a g e w e r e a l m o s t i d e n t i c a l o n these two d a t e s ; 
h o w e v e r , w a t e r t e m p e r a t u r e s w e r e s i g n i f i c a n t l y d i f f e r e n t , and 
the d a m o p e r a t i n g m o d e w a s s l i g h t l y d i f f e r e n t . 
A p p e n d i x F c o n t a i n s s u r f a c e dye p e r c e n t a g e v a l u e s for all 
ten d a t e s . The s p e c i f i c dye c o n c e n t r a t i o n at p o i n t s in the 
river can be o b t a i n e d by m u l t i p l y i n g the p e r c e n t a g e f i g u r e s 
g i v e n in A p p e n d i x F by the a p p r o p r i a t e d i s c h a r g e 
c o n c e n t r a t i o n s g i v e n in t a b l e 3. For i n s t a n c e , the J u l y 12 
river dye c o n c e n t r a t i o n 75 feet out on the s u r f a c e at s t a t i o n 
2 + 0 0 c o r r e c t e d to 2 9 ° C w a s 13.7 ug/l C98.2 x 1 4 . 0 / 1 0 0 ) w h i l e 
d o w n s t r e a m , out 50 feet at s t a t i o n 1 0 4 + 0 0 , it w a s o n l y 0.9 
ug/l ( 9 8 . 2 x 0 . 9 / 1 0 0 ) . The p e r c e n t a g e v a l u e s are useful in 
e s t i m a t i n g the d i l u t e d v a l u e of any g i v e n p o i n t in the o u t f a l l 
a r e a or d o w n s t r e a m of the o u t f a l l . 
A b e t t e r o v e r a l l p e r s p e c t i v e of the g e n e r a l i z e d r e s u l t s 
is d i s p l a y e d by the i s o - d y e or " c o n t o u r " p l o t s of the 
p e r c e n t a g e s w h i c h are p r e s e n t e d a s f i g u r e s 1 6 t h r o u g h 5 5 . 
T h e s e p l o t s are for s u r f a c e and 1-, 3 - , and 8-foot d e p t h s in 
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Table 14. Mixing Zone and Dispersion Run Dates 







































7/12/84 10,156 0 28 
7/19 30 8,661 440.22 0 6 0 - 24.0 26.5 29.5 6 s, sw 26 28 
7/31 25 7,820 440.12 0 6 0 24.0 25.0 27.0 30.5 1 SE, SW 24 31 
8/07 20 7,106 439.98 0 0 0 26.1 28.0 30.5 31.0 5 s, sw 29 33 
8/14 40 8,394 440.38 0 6 0 24.5 25.5 28.0 29.5 3 s, sw 31 31 
8/21 35 7,848 439.68 0 6 0 24.1 25.0 25.5 26.0 6 S, SW 24 28 
8/28 45 6,088 439.47 0 0 51 24.1 26.1 25.7 25.8 5 S, SE 28 33 
9/11 55 7,572 440.41 0 0 0 23.0 24.0 22.5 24.5 3 S, SE 20 27 
9/18 50 5,224 440.56 0 0 63 22.0 22.5 20.0 21.0 7 SE, SW 17 22 
10/23 30 8,837 440.43 6 6 40 19.8 21.0 15.0 15.0 3 N, NE 11 16 
the o u t f a l l a r e a a n d d o w n s t r e a m t o s t a t i o n 1 2 + 0 0 for all ten 
d y e r u n s . F i g u r e s 5 6 t h r o u g h 6 1 e x h i b i t d y e d i s t r i b u t i o n s 
t h r o u g h o u t the s t u d y r e a c h for the s u r f a c e a n d 3 - and 8 - f o o t 
d e p t h s . F i g u r e s 1 6 t h r o u g h 5 5 a r e p l o t t e d t o a s c a l e d o u b l e 
that o f f i g u r e s 5 6 t h r o u g h 6 1 t o s h o w m o r e d e t a i l s i n c e 
b a s i c a l l y t h e y r e p r e s e n t the m i x i n g z o n e c o n d i t i o n s . F i g u r e s 
5 6 t h r o u g h 6 1 r e p r e s e n t b o t h the m i x i n g z o n e a r e a and 
d o w n s t r e a m d i s p e r s i o n for A u g u s t 2 1 and S e p t e m b e r 1 1 . T h e G P S D 
e f f l u e n t d i s c h a r g e o n A u g u s t 2 1 w a s 3 5 m g d , a p p r o x i m a t e l y 
e q u a l t o the 3 7 - m g d d e s i g n a v e r a g e f l o w o f the p l a n t , a n d the 
S e p t e m b e r 1 1 d i s c h a r g e w a s 5 5 m g d , a p p r o x i m a t e l y e q u a l t o the 
g r e a t e s t h y d r a u l i c load the p l a n t i s c a p a b l e o f h a n d l i n g 
w i t h o u t b y p a s s i n g s o m e f l o w a r o u n d the s e c o n d a r y t r e a t m e n t 
u n i t s . R i v e r f l o w and o t h e r p h y s i c a l f a c t o r s w e r e e s s e n t i a l l y 
e q u a l o n b o t h d a t e s e x c e p t for the fact that d u r i n g the 3 5 - m g d 
run six b u t t e r f l y v a l v e s w e r e o p e n and the pool level w a s 
d r a w n d o w n b e l o w the 4 4 0 . 0 - f o o t flat pool e l e v a t i o n . 
P l o t s o f i s o - d y e c o n t o u r s w e r e a l s o d e v e l o p e d o n a 
t r a n s e c t b a s i s a t two l o c a t i o n s . F i g u r e s 6 2 t h r o u g h 7 1 s h o w 
t h e s e p l o t s a t s t a t i o n 1 2 + 0 0 , w h i l e f i g u r e s 7 2 t h r o u g h 8 1 s h o w 
t h e m a t s t a t i o n 1 0 4 + 0 0 . U s e f u l i n f o r m a t i o n can b e g l e a n e d f r o m 
t h e s e p l o t s , p a r t i c u l a r l y r e g a r d i n g t r a n s v e r s e a n d v e r t i c a l 
d i s p e r s i o n a n d m i x i n g . F i g u r e s 6 2 t h r o u g h 6 6 r e v e a l that 
s a m p l i n g w a s not e x t e n d e d s u f f i c i e n t l y in a t r a n s v e r s e 
d i r e c t i o n d u r i n g the f i r s t f i v e r u n s t o " c a t c h " the o u t e r 
e x t e n s i o n o f the d y e p l u m e . T h i s fact b e c a m e e v i d e n t e a r l y i n 
the s t u d y a f t e r the r e s u l t s of a g i v e n run w e r e e x a m i n e d . 
C o m p e n s a t i o n s i n s a m p l i n g l o c a t i o n s w e r e m a d e t o i n c l u d e the 
total p l u m e in the s u c c e e d i n g r u n s , as is e v i d e n c e d by the 
c o n t i n o u s s h i f t o u t w a r d o f the p l o t s . H o w e v e r , c h a n g i n g r i v e r 
h y d r a u l i c c o n d i t i o n s a n d G P S D e f f l u e n t d i s c h a r g e r a t e s s t y m i e d 
this e f f o r t s o m e w h a t . A n o n g o i n g g a m e o f c a t c h - u p d e v e l o p e d . 
T h e total p l u m e w a s not c a p t u r e d until the s i x t h r u n . N o t e , 
t h o u g h , that the d i s p e r s i o n p a t t e r n s for all r u n s w e r e 
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v i r t u a l l y d i s s i m i l a r a n d that the p l u m e for the f i r s t run on 
July 12 w o u l d p r o b a b l y n e v e r h a v e e x t e n d e d as far o u t as any 
o f the s u c c e s s i v e o n e s . G e n e r a l l y , s a m p l i n g r e s u l t s w e r e 
a d e q u a t e t o s a t i s f a c t o r i l y d e s c r i b e the d y e d i s t r i b u t i o n 
p a t t e r n s a t s t a t i o n 1 0 4 + 0 0 . C o m p l e t e o r n e a r l y c o m p l e t e m i x i n g 
w a s e v i d e n t at 1 0 4 + 0 0 on a f e w d a t e s ; the A u g u s t 14 r e s u l t s 
p a r t i c u l a r l y e x h i b i t e d r e l a t i v e l y c o m p l e t e m i x i n g ( s e e f i g u r e 
7 6 ) . 
The m a x i m u m d y e p e r c e n t a g e s o b s e r v e d o n e a c h t r a n s e c t 
s a m p l e d d u r i n g e a c h run a r e p r e s e n t e d in A p p e n d i x G. The 
p o i n t s a r e l o c a t e d b y s t a t i o n , t r a n s v e r s e d i s t a n c e f r o m s h o r e , 
and d e p t h . T h e s e t a b u l a t i o n s can be u s e f u l in q u i c k l y 
d e t e r m i n i n g p o s s i b l e m a x i m u m e f f l u e n t r e s i d u a l w a s t e p a r a m e t e r 
c o n c e n t r a t i o n s in the r i v e r at m a n y p o i n t s in the m i x i n g a r e a 
or d o w n s t r e a m . For e x a m p l e , on July 12 the p e r c e n t a g e d y e 
r e s i d u a l at s t a t i o n 1 0 8 + 0 0 w a s 1.4 in 7 to 9 feet of w a t e r 100 
feet f r o m s h o r e . If the G P S D had b e e n d i s c h a r g i n g 20 mg/l of 
a m m o n i a o n t h i s d a t e , t h i s w o u l d h a v e r e s u l t e d i n a n e f f l u e n t 
r e s i d u a l e f f e c t o f o n l y 0.03 m g / l . 
D O - B O D M o d e l S i m u l a t i o n s 
T h e S t a t e W a t e r S u r v e y ' s D O - B O D m o d e l w a s used t o 
i n v e s t i g a t e and e v a l u a t e the e f f e c t s o f G P S D e f f l u e n t 
a m m o n i a - N l o a d s o n d o w n s t r e a m L a G r a n g e pool D O r e s o u r c e s . 
S i m u l a t i o n s w e r e run for four river f l o w r e g i m e s . O n e w a s for 
7-day , 1 0 - y e a r low f l o w c o n d i t i o n s , a s o m e w h a t a r t i f i c i a l or 
c o n t r i v e d s i t u a t i o n . T h e o t h e r t h r e e a n a l y s e s w e r e m a d e u s i n g 
m o r e r e a l i s t i c o b s e r v e d r i v e r h y d r o l o g i c and h y d r a u l i c 
c o n d i t i o n s . D a t a f r o m a 1 9 8 2 ISWS s t u d y of the w a t e r q u a l i t y 
c o n d i t i o n s o f the u p p e r I l l i n o i s W a t e r w a y w e r e u s e d t o 
e v a l u a t e the e f f e c t s o f G P S D e f f l u e n t a m m o n i a - N loads o n r i v e r 
d i s s o l v e d o x y g e n c o n c e n t r a t i o n s d u r i n g i n t e r m e d i a t e r i v e r 
d i s c h a r g e s . E v a l u a t i o n s w e r e m a d e for f l o w s b e t w e e n the v e r y 
low 7 - d a y , 1 0 - y e a r low f l o w and the 1982 i n t e r m e d i a t e f l o w 
u s i n g i n f o r m a t i o n e x t r a c t e d f r o m a r e p o r t by B u t t s et a l . 
( 1 9 8 1 ) i n w h i c h w a t e r q u a l i t y o f the L a G r a n g e pool w a s 
a s s e s s e d . T w o d a t e s w e r e s e l e c t e d : o n e f r o m a p e r i o d i n w h i c h 
the pool f l o w w a s c o n s t a n t l y low t h r o u g h o u t , a n d the o t h e r 
f r o m a p e r i o d in w h i c h the pool f l o w v a r i e d f r o m low to h i g h 
in a d o w n s t r e a m d i r e c t i o n . DO s t a n d a r d v i o l a t i o n s w e r e 
o b s e r v e d d u r i n g the f o r m e r but not d u r i n g the l a t t e r 
s i t u a t i o n . T h e c o n d i t i o n s u n d e r w h i c h the m o d e l r u n s w e r e 
p e r f o r m e d a r e s u m m a r i z e d in t a b l e 1 5 . 
The B O D and D O v a l u e s s p e c i f i e d a t P e o r i a for the 7 - d a y , 
1 0 - y e a r low f l o w a n d the i n t e r m e d i a t e f l o w c o n d i t i o n s a r e 
u p s t r e a m r e s i d u a l s f r o m C h i c a g o and p o i n t s o u r c e s b e t w e e n 
L o c k p o r t and P e o r i a . T h e i n f o r m a t i o n u s e d t o d e r i v e the 7 - d a y , 
1 0 - y e a r v a l u e s is the s a m e as that u s e d by B u t t s et a l . 
( 1 9 8 3 ) i n t h e i r r e p o r t o n L a k e M i c h i g a n d i v e r s i o n e f f e c t s o n 
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Table 15. BOD-DO Model Simulation Input 
Criteria and River Hydraulic and Hydrologic 
Conditions 
Illinois River Travel Time (days) Ultimate BOD DO Below 





At Peoria (lb/day) Peoria 









Very Low (7-day, 10-yr) 24.638 7.25 
Low (7/24/79) 6,151 10,026 - 4.687 151,200 146,540 6.50 
Low to High (6/26/79) 6,327 15,220 - 4.210 146,982 155,849 7.90 
Intermediate (8/30/82) 8,812 11,341 11.859 3.644 183,996 266,438 8.05 
I l l i n o i s W a t e r w a y D O r e s o u r c e s . T h e l o a d s f r o m C h i c a g o for 
i n t e r m e d i a t e c o n d i t i o n s w e r e d e r i v e d f r o m a c t u a l l o n g - t e r m B O D 
m e a s u r e m e n t s p e r f o r m e d o n s a m p l e s c o l l e c t e d i n the C h i c a g o 
S a n i t a r y and S h i p C h a n n e l a t L o c k p o r t o n S e p t e m b e r 3 0 , 1 9 8 2 . 
P o i n t s o u r c e s b e t w e e n L o c k p o r t a n d P e o r i a a r e t h o s e i d e n t i f i e d 
b y B u t t s e t a l . ( 1 9 8 3 ) . 
T h e B O D and D O v a l u e s s p e c i f i e d a t P e o r i a for the low and 
low t o h i g h f l o w c o n d i t i o n s a r e a c t u a l m e a s u r e d v a l u e s t a k e n 
d u r i n g s t r e a m s a m p l i n g b y B u t t s e t a l . ( 1 9 8 1 ) o n J u l y 2 4 , 
1979 and J u n e 2 6 , 1 9 7 9 , r e s p e c t i v e l y . D i s s o l v e d o x y g e n and 
t e m p e r a t u r e p r o f i l e s o f the L a G r a n g e pool w e r e a l s o t a k e n o n 
t h e s e two d a t e s and t h i s i n f o r m a t i o n w a s u s e d t o v e r i f y the 
m o d e l i n g p r o c e d u r e . 
T h e o b j e c t i v e o f the m o d e l i n g p r o c e d u r e s w a s t o d e t e r m i n e 
the m a x i m u m a m m o n i a - N l o a d s w h i c h c o u l d b e d i s c h a r g e d f r o m the 
G P S D t r e a t m e n t f a c i l i t i e s , i n c o m b i n a t i o n w i t h a m b i e n t r i v e r 
l o a d s , w i t h o u t d e p r e s s i n g D O l e v e l s i n the L a G r a n g e pool b e l o w 
the m i n i m u m s t a n d a r d s . A d i r e c t m o d e l i n g s o l u t i o n i s not 
a v a i l a b l e for m a k i n g this cfe t e r m i n a t i o n , so an i t e r a t i v e 
p r o c e s s m u s t b e e m p l o y e d . I n c r e m e n t a l i n c r e a s e s i n G P S D 
a m m o n i a - N l o a d s w e r e s u p e r i m p o s e d u p o n the a m b i e n t r i v e r 
n i t r o g e n o u s B O D l o a d s p r e s e n t e d i n t a b l e 1 5 , a n d m o d e l r u n s 
w e r e m a d e t o d e t e r m i n e the e f f e c t s o n pool D O c o n c e n t r a t i o n s . 
The final r e s u l t s for the four d i f f e r e n t river c o n d i t i o n s a r e 
s u m m a r i z e d i n t a b l e 1 6 . T h e G P S D n i t r o g e n o u s B O D load 
a d d i t i o n s p r e s e n t e d in t a b l e 16 w e r e c o n v e r t e d to e q u i v a l e n t 
a m m o n i a - N c o n c e n t r a t i o n s for t h r e e e f f l u e n t and t h r e e r i v e r 
d i s c h a r g e r a t e s (see t a b l e 1 7 ) . N o t e that a G P S D e f f l u e n t 
a m m o n i a - N c o n c e n t r a t i o n of 1 7 2 . 6 m g / l in a 2 0 - m g d d i s c h a r g e 
r a t e w o u l d add 1 3 1 , 5 9 4 l b s / d a y o f u l t i m a t e n i t r o g e n o u s B O D but 
w o u l d i n c r e a s e the r i v e r a m m o n i a c o n c e n t r a t i o n level b y o n l y 
0.59 m g / l for a d i s c h a r g e of 9 0 0 0 c f s . 
F i g u r e 8 2 s h o w s the J u n e 2 6 , 1979 o b s e r v e d D O sag c u r v e , 
a c u r v e s i m u l a t e d u s i n g B O D l o a d s d e r i v e d f r o m w a t e r s a m p l e s 
c o l l e c t e d on J u n e 2 6 , 1979 at the h e a d end of the p o o l , and a 
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Table 16. Resu l t s of BOD-DO Model Runs 
Ultimate GPSD Minimum Pool DO mg/l For 
Generalized River NBOD Load Ambient GPSD Load 
Flow Conditions Addition (lb/day) 
20,963 
Conditions Additions 
7-day, 10-yr low 5.88 
31,444 - 5.77 
62,888 - 5.58 
94,332 - 5.33 
125,776 - 5.07 
Low (7/24/79) 0 4.77 4.81 
33,716 4.77 4.72 
Low to High (6/26/79) 131,594 5.89 5.33 
Intermediate (8/30/82) 62,888 - 6.08 
125,776 - 5.86 
Table 17. GPSD Eff luent Ammonia-N Concentra t ions (mg/l) 
For Table 16 Loads and Various Discharge Rates 
Equival ent Ammonia-N Concentrations (mg/l) in 
Ultimate GPSD GPSD Discharges (mgd) of River Flows (cfs ) of 
NBOD Load (lb/day) 20 40 60 3000 6000 9000 
20,963 27.5 13.8 9.2 0.28 0.14 0.09 
31,444 41.3 20.6 13.8 0.39 0.20 0.13 
33,716 44.2 22.1 14.7 0.46 0.23 0.15 
62,888 82.5 41.3 27.5 0.85 0.43 0.28 
94,332 123.8 61.9 41.3 1.28 0.63 0.43 
125,776 165.0 82.5 55.0 1.70 0.85 0.57 
131,594 172.6 86.3 57.5 1.78 0.89 0.59 
s i m u l a t e d c u r v e s h o w i n g w h a t e f f e c t s a s i z e a b l e i n c r e a s e i n 
GPSD n i t r o g e n o u s BOO (NBOD) l o a d i n g w o u l d h a v e o n a m b i e n t 
c o n d i t i o n s a s t h e y e x i s t e d o n t h a t d a t e . E v e n a c u r s o r y 
e x a m i n a t i o n o f t h e p l o t s r e v e a l s t h a t t h e v e r y s i z e a b l e 
i n c r e a s e i n GPSD a m m o n i a d i s c h a r g e l o a d i n g h a d m i n i m a l e f f e c t s 
o n t h e D O r e s o u r c e s t h r o u g h o u t t h e p o o l . I n c r e a s i n g t h e NBOD 
a t r i v e r m i l e 1 5 7 . 6 b y o v e r 1 2 5 , 0 0 0 l b s / d a y ( a n 8 1 p e r c e n t 
i n c r e a s e o v e r a m b i e n t ) d i d n o t l o w e r t h e p r e d i c t e d D O s a g 
c o n c e n t r a t i o n b e l o w t h e m i n i m u m 5 . 0 m g / l s t a n d a r d . 
48 
Figure 16. Surface percents of effluent dye concentration 
in mixing zone area, July 12, 1984 
Figure 17. 1' depth, percents of effluent dye concentration 
in mixing zone area, July 12, 1984 
Figure 18. 3' depth, percents of effluent dye concentration 
in mixing zone area, July 12, 1984 
Figure 19. 8' depth, percents of effluent dye concentration 
in mixing zone area, July 12, 1984 
Figure 20. Surface percents of effluent dye concentration 
in mixing zone area, July 19, 1984 
Figure 21. 1' depth, percents of effluent dye concentration 
in mixing zone area, July 19, 1984 
Figure 22. 3' depth, percents of effluent dye concentration 
in mixing zone area, July 19, 1984 
Figure 23. 8' depth, percents of effluent dye concentration 
in mixing zone area, July 19, 1984 
Figure 24. Surface pereents of effluent dye concentration 
in mixing zone area, July 31, 1984 
Figure 25. 1' depth, percents of effluent dye concentration 
in mixing zone area, July 31, 1984 
Figure 26. 3' depth, percents of effluent dye concentration 
in mixing zone area, July 31, 1984 
Figure 27. 8' depth, percents of effluent dye concentration 
in mixing zone area, July 31, 1984 
Figure 28. Surface percents of effluent dye concentration 
in mixing zone area, August 7, 1984 
Figure 29. 1' depth, percents of effluent dye concentration 
in mixing zone area, August 7, 1984 
Figure 30. 3' depth, peroents of effluent dye concentration 
in mixing zone area, August 7, 1984 
Figure 31. 8' depth, percents of effluent dye concen tra t ion 
in mixing zone area, August 7, 1984 
Figure 32. Surface percents of effluent dye concentration 
in mixing zone area, August 14, 1984 
Figure 33. 1' depth, percents of effluent dye concentration 
in mixing zone area, August 14, 1984 
Figure 34. 3' depth, percents of effluent dye concentration 
in mixing zone area, August 14, 1984 
Figure 35. 8' depth, peroents of effluent dye concentration 
in mixing zone area, August 14, 1984 
Figure 36. Surface percents of effluent dye concentra t ion 
in mixing zone area, August 21, 1984 
Figure 37. 1' depth, percents of effluent dye concentration 
in mixing zone area, August 21, 1984 
Figure 38. 3' depth, percents of effluent dye concentration 
in mixing zone area, August 21, 1984 
Figure 39. 8' depth, percents of effluent dye concentration 
in mixing zone area, August 21, 1984 
Figure 40. Surface percents of effluent dye concentration 
in mixing zone area, August 28, 1984 
Figure 41. 1' depth, peroents of effluent dye concentration 
in mixing zone area, August 28, 1984 
Figure 42. 3' depth, percents of effluent dye concentration 
in mixing zone area, August 28, 1984 
Figure 43. 8' depth, percents of effluent dye concentration 
in mixing zone area, August 28, 1984 
Figure 44, Surface percents of effluent dye concentration 
in mixing zone area, September 11, 1984 
Figure 45. 1' depth, peroents of effluent dye concentration 
in mixing zone area, September 11, 1984 
Figure 46. 3' depth, percents of effluent dye concentration 
in mixing zone area, September 11, 1984 
Figure 47. 8' depth, percents of effluent dye concentration 
in mixing zone area, September 11, 1984 
Figure 48. Surface percents of effluent dye concentration 
in mixing zone area, September 18, 1984 
Figure 49. 1' depth, percents of effluent dye concen tra t ion 
in mixing zone area, September 18, 1984 
Figure 50. 3' depth, percents of effluent dye concentration 
in mixing zone area, September 18, 1984 
Figure 51. 8' depth, percents of effluent dye concentration 
in mixing zone area, September 18, 1984 
Figure 52. Surface percents of effluent dye concentration 
in mixing zone area, October 23, 1984 
Figure 53. 1' depth, percents of effluent dye concentration 
in mixing zone area, October 23, 1984 
Figure 54. 3' depth, percents of effluent dye concentration 
in mixing zone area, October 23, 1984 
Figure 55. 8' depth, percents of effluent dye concentration 
in mixing zone area, October 23, 1984 
Figure 56. Surface percents of effluent dye concentration 
throughout study reach, August 21, 1984 
Figure 57. 3' depth, percents of effluent dye concentration 
throughout study reach, August 21, 1984 
Figure 58. 8' depth, percents of effluent dye concentration 
throughout study reach, August 21, 1984 
Figure 59. Surface percents of effluent dye concentration 
throughout study reach, September 11, 1984 
Figure 60. 3' depth, percents of effluent dye concentration 
throughout study reach, September 11, 1984 
Figure 61. 8' depth, percents of effluent dye concentration 
throughout study reach, September 11, 1984 
Figure 62. Percents of effluent dye concentration 
at station 12+00, July 12, 1984 
Figure 63. Percents of effluent dye concentration 
at station 12+00, July 19, 1984 
Figure 64. Percents of effluent dye concentration 
at station 12+00, July 31, 1984 
Figure 65. Percents of effluent dye concentration 
at station 12+00, August 7, 1984 
Figure 66. Percents of effluent dye concentration 
at station 12+00, August 14, 1984 
Figure 67. Percents of effluent dye concentration 
at station 12+00, August 21, 1984 
Figure 68. Percents of effluent dye concentration 
at station 12+00, August 28, 1984 
Figure 69. Percents of effluent dye concentration 
at station 12+00, September 11, 1984 
Figure 70. Percents of effluent dye concentration 
at station 12+00, September 18, 1984 
Figure 71. Percents of effluent dye concentration 
at station 12+00, October 23, 1984 
Figure 72. Percents of effluent dye concentration 
at station 104+00, July 12, 1984 
Figure 73. Percents of effluent dye concentration 
at station 104+00, July 19, 1984 
Figure 74. Percents of effluent dye concentration 
at station 104+00, July 31, 1984 
Figure 75. Pevoents of effluent dye concentration 
at station 104+00, August 7, 1984 
Figure 76. Percents of effluent dye concentration 
at station 104+00, August 14, 1984 
Figure 77. Percents of effluent dye concentration 
at station 104+00, August 21, 1984 
Figure 78. Percents of effluent dye concentration 
at station 104+00, August 28, 1984 
Figure 79. Percents of effluent dye concentration 
at station 104+00, September 11, 1984 
Figure 80. Percents of effluent dye concentration 
at station 104+00, September 18, 1984 
Figure 81. Percents of effluent dye concentration 
at station 104+00, October 23, 1984 
Figure 82. DO simulations, showing the potential effects 
of a large increase in GPSD ammonia loads 
for river conditions observed on June 26, 1979 
D I S C U S S I O N 
N i t r o g e n o u s c o m p o u n d s in w a t e r can c r e a t e a n u m b e r of 
e n v i r o n m e n t a l and e c o l o g i c a l p r o b l e m s . Such c o m p o u n d s can be 
a c u t e l y toxic to a q u a t i c fauna and f l o r a , can d e p r e s s 
d i s s o l v e d o x y g e n t h r o u g h a m m o n i a o x i d a t i o n , can c a u s e p u b l i c 
h e a l t h p r o b l e m s , can s t i m u l a t e a l g a e g r o w t h s , and can r e d u c e 
d i s i n f e c t i o n e f f i c i e n c i e s d u r i n g the c h l o r i n a t i o n o f p o t a b l e 
w a t e r . Only the first two are of i m p o r t a n c e to this study 
s i n c e these are the o n l y two f a c t o r s w h i c h are g o v e r n e d or 
limited by s t a n d a r d s set forth in the IPCB's R u l e s and 
Regulations as a d m i n i s t e r e d by the IEPA. 
The f o l l o w i n g d i s c u s s i o n s c o n c e r n three b a s i c t o p i c s : (1) 
the a c u t e t o x i c i t y i m p l i c a t i o n s of a m m o n i a - N d i s c h a r g e s , or 
d i r e c t w a t e r q u a l i t y e f f e c t s , ( 2 ) d i s s o l v e d o x y g e n d e p l e t i o n 
a s s o c i a t e d w i t h a m m o n i a - N o x i d a t i o n , o r indirect w a t e r q u a l i t y 
e f f e c t s , and ( 3 ) m i x i n g and d i s p e r s i o n p h e n o m e n a a s s o c i a t e d 
w i t h d i r e c t w a t e r q u a l i t y e f f e c t s . C r i t e r i a are p r e s e n t e d 
w h e r e b y m i x i n g z o n e s can b e r e a d i l y d e f i n e d and p o l l u t a n t 
d i s p e r s i o n a n a l y z e d . 
T o x i c i t y I m p l i c a t i o n s 
Total a m m o n i a - N e x i s t s in an a q u e o u s s o l u t i o n in two 
d i s t i n c t f o r m s : (1) a m o l e c u l a r gas or u n - i o n i z e d f r a c t i o n 
( N H 3 - N ) in e q u i l i b r i u m w i t h (2) an a m m o n i u m ton f r a c t i o n 
( N H 4 + - N ) . The p e r c e n t c o m p o s i t i o n of e a c h f r a c t i o n is a 
f u n c t i o n of t e m p e r a t u r e and p H . This fact is r e f l e c t e d in the 
IPCB's a m m o n i a - N s t a n d a r d s , w h i c h are w e i g h t e d in favor of 
r e g u l a t i n g the N H 3 - N ( u n - i o n i z e d a m m o n i a - N l e v e l s ) i n s u r f a c e 
w a t e r s . This is b e c a u s e N H 3 - N has been found to be m u c h m o r e 
toxic to a q u a t i c o r g a n i s m s over a w i d e range of pH and 
t e m p e r a t u r e c o n d i t i o n s than is N H 4 + - N . C o m p a r e d to d i s s o l v e d 
a m m o n i a gas the a m m o n i u m ion is r e l a t i v e l y i n n o c u o u s . 
P a r a g r a p h d) of S e c t i o n 3 0 2 . 2 1 2 ( A m m o n i a N i t r o g e n and 
U n - i o n i z e d A m m o n i a ) of the IPCB R u l e s and R e g u l a t i o n s c o n t a i n s 
two e q u a t i o n s used to c a l c u l a t e the u n - i o n i z e d c o m p o n e n t s of 
the total a m m o n i a - N c o n t e n t in w a t e r . T h e s e e q u a t i o n s a r e : 
w h e r e U = u n - i o n i z e d a m m o n i a c o n c e n t r a t i o n as N in m g / l , and N 
= total a m m o n i a c o n c e n t r a t i o n as N in m g / l . 
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w h e r e T = temperature in degrees C e l s i u s , and pH = pH in pH 
un i t s . 
These e q u a t i o n s were used to develop a table of a m m o n i a - N 
water quality standards set forth in paragraph e) of Section 
3 0 2 . 2 1 2 . This table has been reproduced in this report as 
table 18. The IEPA standard values listed in table 12 and 
Appendix D were obtained from this table. 
Note that as given c o m b i n a t i o n s of pH and temperatures 
rise the a l l o w a b l e total a m m o n i a - N value becomes smaller up to 
a point w h e r e it remains constant at 1.5 mg/l r e g a r d l e s s of 
increases in t e m p e r a t u r e and pH. The " b r e a k p o i n t s " are at 
temperature (T) and pH v a l u e s , w h i c h , in c o m b i n a t i o n with 
total a m m o n i a - N (N) equal to 1.5 m g / l , yield "U" values of 
a p p r o x i m a t e l y 0.04 mg/l in equation 3. This in turn must 
reflect the toxicity c r i t e r i o n set forth in Section 3 0 2 . 2 1 0 , 
"Substances Toxic to A q u a t i c L i f e , " w h i c h states that any 
substance toxic to a q u a t i c life shall not exceed o n e - t e n t h of 
the 96-hour m e d i a n t o l e r a n c e limit (96-hr T L m ) for native fish 
or essential fish food o r g a n i s m s . In other w o r d s , the IPCB 
and the IEPA must consider 0.40 mg/l of N H 3 - N to be the 
m i n i m u m level which is toxic to native f i s h e s . This 
contention is supported by work done by R o s e b o o m and Richey 
( 1 9 7 7 ) . They found that the most N H 3 - N - s e n s i tive common 
Illinois fish was the b l u e g i l l , and its 96-hr TL could be as 
low as 0.40 mg/l of N H 3 - N . C o n s e q u e n t l y , t7?e a l l o w a b l e 
a m m o n i a - N c o n c e n t r a t i o n in the GPSD effluent has to be 
evaluated on the basis of p e r m i t t i n g 1.5 mg/l a m m o n i a - N in the 
river outside the m i x i n g zone. 
To put the r e l a t i o n s h i p between river and G P S D a m m o n i a - N 
levels in proper p e r s p e c t i v e , historical c o n d i t i o n s must be 
Table 18. IPCB Ammonia-Nitrogen Water 
Quality Standard Table* 
Water Allowable Total Ammonia-N Concentration 
Temp. in mg/l at pH values of  
°C °F 6.0 6 . 5 7.0 7.5 8.0 8.5 9.0 
5 41 15 15 15 9.6 3.1 1.5 1.5 
10 50 15 15 15 6.5 2.1 1.5 1.5 
15 59 15 15 13.9 4.4 1.5 1.5 1.5 
20 68 15 15 9.6 3.1 1.5 1.5 1.5 
25 77 15 15 6.7 2.1 1.5 1.5 1.5 
30 86 15 14.9 4.7 1.5 1.5 1.5 1.5 
35 95 15 10.7 3.4 1.5 1.5 1.5 1.5 
* From IPCB Rules and Regulations, Section 302.212, Paragraph e) 
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l o o k e d a t and e v a l u a t e d . O n O c t o b e r 1 0 , 1 9 7 9 , r o t a t i n g 
b i o l o g i c a l c o n t a c t o r s ( R B C s ) w e r e put i n t o o p e r a t i o n t o r e m o v e 
a m m o n i a - N s o that the d i s c h a r g e s t a n d a r d o f 2.5 m g / L c o n t a i n e d 
in p a r a g r a p h a) of S e c t i o n 3 0 4 . 1 2 2 of the I P C B ' s R u l e s a n d 
R e g u l a t i o n s c o u l d b e m e t . T h e R B C s p r o v e d t o b e v e r y 
e f f e c t i v e i n r e m o v i n g a m m o n i a - N f r o m t h e e f f l u e n t . For 9 2 
river s a m p l i n g d a t e s ( J a n u a r y 1 , 1 9 7 8 t h r o u g h O c t o b e r 1 0 , 
1979) b e f o r e the R B C s w e n t o n l i n e , the a v e r a g e G P S D a m m o n i a - N 
e f f l u e n t load w a s a p p r o x i m a t e l y 2 0 0 0 l b s / d a y . For the 
s a m p l i n g p e r i o d b e t w e e n J a n u a r y 1 , 1983 and O c t o b e r 1 , 1 9 8 4 
the a v e r a g e e f f l u e n t load w a s o n l y a b o u t 4 5 0 l b s / d a y . T h i s i s 
a s i g n i f i c a n t r e d u c t i o n , s h o w i n g the e f f e c t i v e n e s s of the R B C s 
i n r e m o v i n g a m m o n i a - N . H o w e v e r , the w o r t h o f t h i s r e d u c t i o n 
in i m p r o v i n g r i v e r c o n d i t i o n s is q u e s t i o n a b l e . In t e r m s of 
c o n c e n t r a t i o n s , the G P S D w a s , o n the a v e r a g e , e l e v a t i n g the 
total a m m o n i a - N in the r i v e r by a b o u t 0 . 0 3 7 m g / l . For a n y 
g i v e n s a m p l i n g d a t e the a m b i e n t r i v e r c o n c e n t r a t i o n w a s n e v e r 
r a i s e d m o r e t h a n 0 . 0 9 0 m g / l d u r i n g the 2 1 - m o n t h p e r i o d just 
p r i o r t o the s t a r t - u p o f the R B C s C s e e A p p e n d i x D ) . T h e 0 . 0 9 0 
m g / l f i g u r e b a r e l y f i t s w i t h i n the d e t e c t i o n l i m i t s for the 
a m m o n i a - N t e s t s p r e s e n t e d i n the 16th e d i t i o n o f S t a n d a r d 
M e t h o d s for the E x a m i n a t i o n o f W a t e r a n d W a s t e w a t e r . T h e m o s t 
p r e c i s e a n d a c c u r a t e m e t h o d l i s t e d for a n a l y z i n g w a t e r s a m p l e s 
w i t h c o n c e n t r a t i o n s in the r a n g e of t h o s e d e t e c t e d in the 
I l l i n o i s R i v e r p r o d u c e s r e s u l t s w i t h s t a n d a r d d e v i a t i o n s 
r a n g i n g f r o m 0 . 0 7 6 m g / l a t 0 . 2 0 - m g / l a m m o n i a - N c o n c e n t r a t i o n s 
t o 0 . 1 7 4 m g / l a t 1 . 5 0 - m g / l a m m o n i a - N c o n c e n t r a t i o n s . 
T h e s y s t e m a t i c r i v e r s a m p l i n g c a r r i e d out d u r i n g t h i s 
s t u d y r e v e a l e d the d i r e c t i n f l u e n c e o f the G P S D a m m o n i a - N 
d i s c h a r g e s o n the r i v e r u n d e r p r e s e n t o p e r a t i o n s . The m a x i m u m 
v a l u e s o b s e r v e d for e a c h s a m p l i n g d a t e a t e a c h s a m p l i n g 
s t a t i o n h a v e b e e n e x t r a c t e d f r o m the r e s u l t s c o n t a i n e d i n 
A p p e n d i x C and a r e p r e s e n t e d in t a b l e 19 for c o m p a r i s o n s w i t h 
the IPCB a n d / o r IEPA s t a n d a r d s . N o t e that the s t a n d a r d is the 
m i n i m a l 1.5 m g / l v a l u e for all d a t e s but the l a s t . T h e 
o b s e r v e d v a l u e s w e r e w e l l b e l o w the s t a n d a r d s i n all c a s e s but 
o n e . O n O c t o b e r 1 5 , 100 feet f r o m s h o r e a t m i l e 1 6 0 . 0 1 ( t h e 
o u t f a l l l o c a t i o n ) a v a l u e o f 3.23 m g / l w a s o b s e r v e d . H o w e v e r , 
3 0 0 feet f a r t h e r out at the s a m e l o c a t i o n a m a x i m u m of o n l y 
0.22 m g / l w a s d e t e c t e d . A l s o , d o w n s t r e a m a t m i l e 1 5 8 . 0 1 , near 
s h o r e and c h a n n e l m i n i m u m v a l u e s o f o n l y 0.30 a n d 0.35 m g / l , 
r e s p e c t i v e l y , w e r e o b s e r v e d . A t t h i s t i m e , the G P S D w a s 
d i s c h a r g i n g 8.0 m g / l of a m m o n i a - N in an e f f l u e n t f l o w of 24 
m g d ; the r i v e r f l o w w a s a low 6 5 5 4 c f s . T h e c o m b i n a t i o n o f 
h i g h e f f l u e n t a m m o n i a - N c o n c e n t r a t i o n and low r i v e r f l o w did 
not p r o d u c e a n y s t a n d a r d v i o l a t i o n s e x c e p t i n the i m m e d i a t e 
a r e a o f the o u t f a l l . A s w i l l b e c o m e e v i d e n t l a t e r , t h i s h i g h 
v a l u e c l e a r l y f a l l s w e l l w i t h i n the c o n f i n e s o f any 
s t r i n g e n t l y d e f i n e d m i x i n g z o n e . 
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Table 19. Comparison between Maximum Observed (Obs) 
Ammonia-N Concentrations and 
IEPA Standards (Std) for Given Temperature and pH 
Ammonia-N Concentrations (mg/l) at Stations  
160.95 160.01 158.01  
150' 550' 100' 400' 100' 400' 
Date Obs Std Obs Std Obs Std Obs Std Obs Std Obs Std 
7/11/84 0.32 1.5 0.24 1.5 0.19 1.5 0.25 1.5 0.32 1.5 0.27 1.5 
7/18 0.11 1.5 0.09 1.5 0.18 1.5 0.13 1.5 0.12 1.5 0.14 1.5 
7/24 0.29 1.5 0.22 1.5 0.26 1.5 0.21 1.5 0.29 1.5 0.31 1.5 
7/30 0.06 1.5 0.08 1.5 0.14 1.5 0.14 1.5 0.16 1.5 0.18 1.5 
8/06 0.21 1.5 0.24 1.5 0.28 1.5 0.28 1.5 0.28 1.5 0.31 1.5 
8/13 0.47 1.5 0.31 1.5 0.33 1.5 0.25 1.5 0.26 1.5 0.30 1.5 
8/20 0.39 1.5 0.30 1.5 0.28 1.5 0.44 1.5 0.37 1.5 0.39 1.5 
8/23 0.22 1.5 0.18 1.5 0.36 1.5 0.23 1.5 0.27 1.5 0.27 1.5 
8/30 0.32 1.5 0.39 1.5 0.39 1.5 0.49 1.5 0.38 1.5 0.32 1.5 
9/04 0.24 1.5 0.31 1.5 0.33 1.5 0.32 1.5 0.29 1.5 0.30 1.5 
9/13 0.47 1.5 0.47 1.5 0.58 1.5 0.48 1.5 0.57 1.5 0.48 1.5 
9/27 0.22 1.5 0.21 1.5 0.31 1.5 0.34 1.5 0.28 1.5 0.28 1.5 
10/04 0.29 1.5 0.35 1.5 0.32 1.5 0.34 1.5 0.40 1.5 0.39 1.5 
10/11 0.20 1.5 0.21 1.5 1.18 1.5 0.21 1.5 0.31 1.5 0.32 1.5 
10/15 0.26 1.5 0.24 1.5 3.23 1.5 0.22 1.5 0.30 1.5 0.35 1.5 
10/25 0.37 1.8 0.38 1.7 0.95 1.5 0.31 1.7 0.36 1.5 0.42 1.7 
Ammonia Qxidation Implication 
Ammonia-N discharges have an indirect effect on water 
quality through biological oxidation p r o c e s s e s . Oxygen 
depletion in streams can result from the biochemical 
utilization of ammonia by autotrophic bacteria as a source of 
energy to convert carbon dioxide to cellular m a t e r i a l . Two 
very specialized chemolithotrophic bacteria, Nitrosomonas sp. 
and Nitrobacter sp., are the dominant genera involved in 
nitrification. Stoichiometrically, 4.57 mg/l of oxygen is 
required to completely oxidize 1.0 mg/l of ammonia-N to 
nitrate-N, a stable end product under aerobic conditions. 
Nitrification can be a slow process either in normal 
waste treatment processes or in natural w a t e r s . The 
generation time for nitrifying bacteria ranges between 30 and 
40 h o u r s , compared to minutes for carbonaceous bacteria. The 
Illinois River in the vicinity of Peoria, however, generally 
contains a large, viable nitrifying bacterial population 
during warm weather due to the large upstream ammonia 
discharges from the Chicago area. The time of travel between 
Chicago and Peoria under low to normal flow conditions is 
sufficient for a large viable nitrifying bacteria population 
to develop (see table 1 5 ) . Consequently, any ammonia loads 
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d i s c h a r g e d a t P e o r i a s h o u l d h a v e a n i m m e d i a t e i m p a c t o n the D O 
r e s o u r c e s d o w n s t r e a m , p a r t i c u l a r l y t h o s e i n the L a G r a n g e 
p o o l . 
N i t r i f i c a t i o n o c c u r s i n u n i s o n w i t h o t h e r s t r e a m 
o x i d a t i o n p r o c e s s e s . C a r b o n a c e o u s b a c t e r i a l b i o c h e m i c a l 
o x y g e n ( C B O D ) u s a g e , s e d i m e n t o x y g e n c o n s u m p t i o n , and a l g a l 
o x i d a t i o n - r e d u c t i o n r e a c t i o n s all act a s s i n k s t o d e p l e t e the 
D O r e s o u r c e s i n s u r f a c e w a t e r s . O n e o f the o b j e c t i v e s o f this 
s t u d y w a s t o i s o l a t e e f f e c t s o f G P S D a m m o n i a - N l o a d s o n the D O 
r e s o u r c e s i n the L a G r a n g e p o o l . T h i s w a s d o n e i n d i r e c t l y b y 
u s i n g the m o d e l i n g t e c h n i q u e s d e s c r i b e d i n the " R e s u l t s " 
s e c t i o n o f t h i s r e p o r t . T h e r e s u l t s i n d i c a t e d that t r e m e n d o u s 
a m m o n i a - N l o a d s w o u l d h a v e t o b e d i s c h a r g e d a t P e o r i a t o c a u s e 
a s i g n i f i c a n t c h a n g e in the DO s a g c u r v e s o b s e r v e d in the 
L a G r a n g e p o o l . 
T h e i n f o r m a t i o n p r e s e n t e d i n t a b l e 1 6 s h o w s that o v e r 
1 2 5 , 0 0 0 l b s / d a y o f u l t i m a t e n i t r o g e n o u s b i o c h e m i c a l o x y g e n 
d e m a n d C N B O D ) w o u l d h a v e t o b e a d d e d a t P e o r i a t o c a u s e the 
d o w n s t r e a m D O c o n c e n t r a t i o n t o fall n e a r 5.0 m g / l ( t h e m i n i m u m 
s t a n d a r d ) d u r i n g 7 - d a y , 1 0 - y e a r low f l o w c o n d i t i o n s . The 
1 2 5 , 0 0 0 l b s / d a y v a l u e i s a b o u t e q u i v a l e n t t o the p r e s e n t - d a y 
C h i c a g o a r e a i n p u t . T h e i n f o r m a t i o n p r e s e n t e d i n t a b l e 1 7 
s h o w s that s u c h a l a r g e load w i l l r a i s e the r i v e r a m m o n i a - N 
c o n c e n t r a t i o n s a b o v e the m i n i m a l a c c e p t a b l e 1.5 m g / l v a l u e 
o n l y d u r i n g e x t r e m e l y low f l o w c o n d i t i o n s . A s e v i d e n c e d i n 
t a b l e 1 7 , t h i s w o u l d r e q u i r e u n r e a l i s t i c a l l y h i g h a m m o n i a - N 
c o n c e n t r a t i o n s i n the G P S D e f f l u e n t . T h e r e f o r e , the 
p e r m i s s i b l e G P S D a m m o n i a - N d i s c h a r g e l o a d s a p p e a r t o b e 
g o v e r n e d o r l i m i t e d b y t o x i c i t y c o n s i d e r a t i o n s r a t h e r than 
i n d i r e c t w a t e r q u a l i t y i m p l i c a t i o n s s u c h a s o x y g e n d e p l e t i o n . 
M i x i n g Z o n e and D i s p e r s i o n C o n s i d e r a t i o n s 
T h e s t u d y r e s u l t s h a v e s h o w n that p a s t and p r e s e n t 
a m m o n i a - N d i s c h a r g e s f r o m the G P S D t r e a t m e n t f a c i l i t i e s h a v e 
r a r e l y c a u s e d v i o l a t i o n s o f w a t e r q u a l i t y s t a n d a r d s o r w a t e r 
q u a l i t y p r o b l e m s i n g e n e r a l . I n i n s t a n c e s w h e r e G P S D 
a m m o n i a - N d i s c h a r g e s h a v e r a i s e d river c o n c e n t r a t i o n s a b o v e 
d e s i r a b l e l e v e l s , the l o c a t i o n s h a v e b e e n c l o s e t o the o u t f a l l 
p o i n t s . T h e s e l o c a t i o n s a p p e a r t o fall w i t h i n w h a t w o u l d h a v e 
t o b e c o n s i d e r e d a m i x i n g z o n e e v e n u n d e r the m o s t s t r i n g e n t 
d e f i n i t i o n of a m i x i n g z o n e . T h e p u r p o s e of t h i s p o r t i o n of 
the d i s c u s s i o n is to p r o v i d e s o m e d i r e c t i o n in f o r m u l a t i n g or 
d e l i n e a t i n g a m i x i n g z o n e s p e c i f i c t o G P S D o u t f a l l 
c o n d i t i o n s . T h e m i x i n g z o n e , a s d e f i n e d , w i l l a p p l y o n l y t o 
G P S D o u t f a l l c o n d i t i o n s ; it w i l l not be a p p l i c a b l e to 
g e n e r a l i z e d s i t u a t i o n s . 
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The e s t a b l i s h m e n t of any d e f i n i t i v e m i x i n g zone has to be 
g u i d e d by the "Mixing Z o n e " s p e c i f i c a t i o n s set forth in 
S e c t i o n 3 0 2 . 1 0 2 in the IPCBs R u l e s and R e g u l a t i o n s . This 
s e c t i o n is quoted b e l o w : 
S e c t i o n 3 0 2 . 1 0 2 M i x i n g Z o n e s 
a) In the a p p l i c a t i o n of this C h a p t e r , w h e n e v e r a water 
q u a l i t y s t a n d a r d is m o r e r e s t r i c t i v e than its 
c o r r e s p o n d i n g e f f l u e n t s t a n d a r d then an o p p o r t u n i t y 
shall be a l l o w e d for the m i x t u r e of an e f f l u e n t w i t h 
its r e c e i v i n g w a t e r s . W a t e r q u a l i t y s t a n d a r d s must 
be met at every point o u t s i d e of the m i x i n g z o n e . 
The size of the m i x i n g z o n e cannot be u n i f o r m l y 
p r e s c r i b e d . The g o v e r n i n g p r i n c i p l e is that the 
p r o p o r t i o n of any body of w a t e r or s e g m e n t thereof 
w i t h i n m i x i n g zones m u s t be quite small if the w a t e r 
q u a l i t y s t a n d a r d s are to have any m e a n i n g . This 
p r i n c i p l e shall be a p p l i e d on a c a s e - b y - c a s e b a s i s 
to e n s u r e that neither any individual s o u r c e nor the 
a g g r e g a t e of s o u r c e s shall cause e x c e s s i v e zones to 
e x c e e d the s t a n d a r d s . The w a t e r q u a l i t y s t a n d a r d s 
m u s t be met in the bulk of the body of w a t e r , and no 
body of water may be used totally as a m i x i n g zone 
for a s i n g l e outfall or c o m b i n a t i o n of o u t f a l l s . 
M o r e o v e r , except as o t h e r w i s e p r o v i d e d in this 
C h a p t e r , no s i n g l e m i x i n g zone shall e x c e e d the area 
of a circle w i t h a radius of I83 m C600 f e e t ) . 
S i n g l e s o u r c e s of e f f l u e n t s w h i c h have m o r e than one 
outfall shall be limited to a total m i x i n g area no 
larger than that a l l o w a b l e if a s i n g l e outfall w e r e 
used . 
b) In d e t e r m i n i n g the size of the m i x i n g zone for any 
d i s c h a r g e , the f o l l o w i n g m u s t be c o n s i d e r e d : 
1) The c h a r a c t e r of the body of w a t e r , 
2) the p r e s e n t and a n t i c i p a t e d f u t u r e use of the 
body of w a t e r , 
3) the p r e s e n t and a n t i c i p a t e d w a t e r q u a l i t y of 
the body of w a t e r , 
4) the effect of the d i s c h a r g e on the p r e s e n t and 
a n t i c i p a t e d f u t u r e w a t e r q u a l i t y , 
5) the d i l u t i o n r a t i o , and 
6) the n a t u r e of the c o n t a m i n a n t . 
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c) In a d d i t i o n to the a b o v e , the m i x i n g z o n e s h a l l be 
so d e s i g n e d as to a s s u r e a r e a s o n a b l e z o n e of 
p a s s a g e for a q u a t i c life i n w h i c h the w a t e r q u a l i t y 
s t a n d a r d s a r e m e t . T h e m i x i n g z o n e shall not 
i n t e r s e c t a n y a r e a of a n y s u c h w a t e r s in s u c h a 
m a n n e r that the m a i n t e n a n c e o f a q u a t i c life i n the 
b o d y o f w a t e r a s a w h o l e w o u l d b e a d v e r s e l y 
a f f e c t e d , nor s h a l l any m i x i n g z o n e c o n t a i n m o r e 
t h a n 2 5 % o f the c r o s s - s e c t i o n a l a r e a o r v o l u m e o f 
f l o w o f a s t r e a m e x c e p t for t h o s e s t r e a m s w h e r e the 
d i l u t i o n r a t i o i s less than 3 : 1 . 
T w o p h y s i c a l c o n c e p t s a r e s p e c i f i e d w h i c h c o n s t r a i n the 
b o u n d a r i e s o f a n y m i x i n g z o n e . T h e f i r s t i s the a r e a f a c t o r 
o u t l i n e d i n p a r a g r a p h a ) ; i.e., the m i x i n g a r e a i s l i m i t e d t o 
1 , 1 3 0 , 9 7 3 s q u a r e f e e t , the e q u i v a l e n t a r e a o f a 
6 0 0 - f o o t - r a d i u s c i r c l e . T h e s e c o n d i s the fact that a m i x i n g 
z o n e c a n n o t e n c o m p a s s m o r e than 2 5 p e r c e n t o f the s t r e a m f l o w 
o r c r o s s - s e c t i o n a l a r e a . The d e v e l o p m e n t o f the G P S D m i x i n g 
z o n e a s p r e s e n t e d h e r e w i l l b e d i c t a t e d p r i m a r i l y b y t h e s e two 
c o n s t r a i n t s . 
E v e n a c u r s o r y e x a m i n a t i o n o f the d y e d i s t r i b u t i o n 
p a t t e r n s d e p i c t e d b y f i g u r e s 1 6 t h r o u g h 8 1 r e v e a l s that all 
ten d y e r u n s p r o d u c e d d i f f e r e n t m i x i n g a n d d i s p e r s i o n 
c o n f i g u r a t i o n s . T h i s w a s a n t i c i p a t e d s o m e w h a t i n the s t u d y 
p l a n . T h e o v e r a l l s a m p l i n g s c h e m e w a s d e s i g n e d t o f e r r e t o u t 
o r i s o l a t e c e r t a i n f a c t o r s w h i c h c o u l d p o t e n t i a l l y c a u s e 
s i g n i f i c a n t v a r i a b i l i t y . 
T h e m i x i n g z o n e o r d y e d i s p e r s i o n s t u d y w a s d e s i g n e d t o 
p r o d u c e d a t a for use in a s t a t i s t i c a l p r o c e d u r e k n o w n as 
s t e p w i s e r e g r e s s i o n a n a l y s i s . P u t s u c c i n c t l y , t h i s i s a 
p r o c e d u r e w h e r e b y a v a r i e t y o f i n d e p e n d e n t v a r i a b l e s a r e 
s t a t i s t i c a l l y c o r r e l a t e d t o a d e p e n d e n t v a r i a b l e p r o d u c i n g 
p a r a m e t e r c o e f f i c i e n t s a n d f o r m u l a t i o n s w h i c h r e l a t e t h e 
i n d e p e n d e n t v a r i a b l e s to the d e p e n d e n t v a r i a b l e in a 
d e c r e a s i n g o r d e r of i m p o r t a n c e . It is t h i s t e c h n i q u e that w a s 
u s e d , i n c o n j u n c t i o n w i t h the o b s e r v e d d a t a c o n t a i n e d i n t a b l e 
9 , t o d e v e l o p the w a t e r q u a l i t y s t a t i s t i c a l i n f o r m a t i o n 
p r e s e n t e d in t a b l e s 10 a n d 1 1 . 
In d e v e l o p i n g a m e t h o d o l o g y for d e f i n i n g a m i x i n g z o n e in 
the a r e a o f the G P S D o u t f a l l , two s e p a r a t e f o r m u l a t i o n s w e r e 
u t i l i z e d . O n e set o f e q u a t i o n s w a s d e v e l o p e d t o r e l a t e the 
m a x i m u m t r a n s v e r s e p r o j e c t i o n o f a g i v e n d y e p e r c e n t a g e t o 
v a r i o u s i n f l u e n c i n g f a c t o r s , w h i l e a n o t h e r set w a s d e v e l o p e d 
t o r e l a t e the m a x i m u m l o n g i t u d i n a l ( d o w n s t r e a m ) p r o j e c t i o n o f 
the s a m e g i v e n d y e p e r c e n t a g e s t o the s a m e f a c t o r s . F i v e 
i n d e p e n d e n t v a r i a b l e s w e r e s e l e c t e d . T h e y w e r e : ( 1 ) G P S D 
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e f f l u e n t f l o w i n m g d , ( 2 ) r i v e r d i s c h a r g e i n c f s , ( 3 ) G P S D 
e f f l u e n t t e m p e r a t u r e in °C, (4) r i v e r t e m p e r a t u r e in C, a n d 
( 5 ) r i v e r pool e l e v a t i o n i n m e a n s e a level ( m s l ) . T h e 
t r a n s v e r s e a n d l o n g i t u d i n a l d i s t a n c e s w e r e e x p r e s s e d i n feet 
a n d a r e p r e s e n t e d as P a r t s a a n d b of A p p e n d i x H. T h e 
i n d e p e n d e n t v a r i a b l e v a l u e s u s e d i n the s t a t i s t i c a l a n a l y s e s 
a r e p r e s e n t e d as P a r t c of A p p e n d i x H. All v a l u e s w e r e u s e d in 
a l i n e a r f o r m ; h o w e v e r , the r i v e r p o o l e l e v a t i o n s w e r e 
t r a n s f o r m e d f r o m a b s o l u t e m s l v a l u e s t o s m a l l e r f i g u r e s b y 
s u b t r a c t i n g 4 0 0 feet f r o m e a c h v a l u e . I n o t h e r w o r d s , the m s l 
v a l u e for J u l y 1 2 w a s a c t u a l l y 4 4 0 . 4 8 f e e t . N o r m a l o r flat 
pool e l e v a t i o n i s 4 4 0 . 0 0 f e e t . 
T h e o u t f a l l is not a p o i n t d i s c h a r g e ; it c o n s i s t s of a 
d e l t a a r e a a s s h o w n b y f i g u r e s 1 , 3 , a n d 1 4 . C o n s e q u e n t l y , the 
m a x i m u m t r a n s v e r s e p r o j e c t i o n p o i n t v a r i e s s o m e w h a t i n a 
l o n g i t u d i n a l d i r e c t i o n . For this r e a s o n , the t r a n s v e r s e 
p r o j e c t i o n w a s s e l e c t e d o n the b a s i s that the m a x i m u m o b s e r v e d 
o n a g i v e n d a t e o c c u r r e d b e t w e e n s t a t i o n s 1 + 0 0 a n d 5 + 5 0 . A l s o , 
the m a x i m u m t r a n s v e r s e and l o n g i t u d i n a l p r o j e c t i o n s w e r e 
s e l e c t e d r e g a r d l e s s o f l o c a t i o n o n the v e r t i c a l . O n a n u m b e r 
o f d a t e s , t h e y o c c u r r e d a t the s u r f a c e w h i l e o n o t h e r s t h e y 
o c c u r r e d i n the m i d d l e o r n e a r the b o t t o m . T h e f a c t o r s 
i n f l u e n c i n g t h i s v a r i a b i l i t y w e r e not i n v e s t i g a t e d s i n c e t h e y 
w e r e not p a r t i c u l a r l y r e l e v a n t t o the f o r m u l a t i o n o f the 
m i x i n g z o n e . I n the e n d , h o w e v e r , t h i s d o e s put a s l i g h t 
c o n s t r a i n t o n m o n i t o r i n g for v i o l a t i o n s , s i n c e m u l t i p l e p o i n t s 
h a v e t o b e s a m p l e d o n v e r t i c a l s t o f u l l y c o v e r the m i x i n g z o n e 
c o n f i g u r a t i o n a s d e f i n e d b y its d e v e l o p m e n t . T h e l o n g i t u d i n a l 
d i s t a n c e s w e r e s o m e w h a t i n f l u e n c e d b y the d i v e r s i o n o f s o m e 
e f f l u e n t into the c h a n n e l ( s h o w n b y d a s h e d l i n e s o n f i g u r e 1 4 
a n d b y s o l i d s i n g u l a r l i n e s o n f i g u r e s 1 6 t h r o u g h 6 1 ) w h e n 
f l o w r a t e s r e a c h e d a p p r o x i m a t e l y 4 0 t o 4 5 m g d . T h e f l o w i n 
this c h a n n e l , w h e n i t o c c u r r e d , w a s s m a l l a n d the r e l a t i v e 
t r a n s v e r s e p r o j e c t i o n i n the v i c i n i t y o f s t a t i o n 9 + 0 0 w a s 
a l w a y s s i g n i f i c a n t l y less than that b e t w e e n s t a t i o n s 1 + 0 0 and 
5 + 5 0 ( s e e f i g u r e s 1 6 t h r o u g h 6 1 ) . 
T r a n s v e r s e a n d l o n g i t u d i n a l p r o j e c t i o n s w e r e m a d e for 
i s o - d y e c o n t o u r s o f 1 , 2 , 3 , 5 , 7 , 1 0 , 1 5 , a n d 2 0 p e r c e n t . 
T h e s e s p e c i f i c c o n t o u r d e s i g n a t i o n s m a y o r m a y not b e s h o w n o n 
f i g u r e s 1 6 t h r o u g h 6 1 . T r a n s v e r s e , l o n g i t u d i n a l , a n d v e r t i c a l 
d i s t a n c e s r e l a t i v e t o t h e s e d e s i g n a t e d c o n t o u r v a l u e s w e r e 
e x t r a p o l a t e d f r o m l a r g e - s c a l e , d e t a i l e d w o r k i n g d r a w i n g s and 
f r o m t a b u l a r i n f o r m a t i o n c o v e r i n g the e n t i r e s t u d y r e a c h . T h e 
d i s t a n c e s u s e d in the s t a t i s t i c a l a n a l y s i s a r e the 
u n t r a n s f o r m e d and l i n e a r v a l u e s p r e s e n t e d in P a r t s a and b of 
A p p e n d i x H . T h e t r a n s v e r s e d i s t a n c e s a r e all r e f e r e n c e d t o a n 
a p p r o x i m a t e s h o r e l i n e w h i c h w o u l d o c c u r a t flat pool 
e l e v a t i o n . T h e m o s t a p p r o p r i a t e t r a n s v e r s e m o n i t o r i n g 
r e f e r e n c e p o i n t w o u l d b e s t a t i o n 5 + 0 0 . T h e l o n g i t u d i n a l 
d i s t a n c e s a r e all r e f e r e n c e d t o the c e n t e r l i n e o f the o u t f a l l 
c h a n n e l f a r t h e s t u p s t r e a m , 5 0 feet d o w n f r o m s t a t i o n 1 + 0 0 . A 
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s t a t i o n 1 + 5 0 w a s not a c t u a l l y e s t a b l i s h e d i n the f i e l d a n d i s 
t h e r e f o r e not s h o w n o n the m a p s a n d f i g u r e s . H o w e v e r , for 
c o n v e n i e n c e the r e f e r e n c e p o i n t for the l o n g i t u d i n a l d i s t a n c e 
w i l l b e r e f e r r e d t o h e r e a f t e r a s s t a t i o n 1 + 5 0 . 
T h e r e s u l t s o f the s t e p w i s e r e g r e s s i o n a n a l y s e s a r e 
s u m m a r i z e d i n t a b l e 2 0 . C o n s i d e r i n g the l i m i t e d n u m b e r o f 
r u n s , t h e o v e r a l l r e s u l t s w e r e e x c e p t i o n a l l y g o o d . T h e end 
p r o d u c t s w e r e r a t i o n a l a n d c o n s i s t e n t . B o t h t r a n s v e r s e a n d 
l o n g i t u d i n a l d i s p e r s i o n c o u l d b e e x p l a i n e d t o a g r e a t d e g r e e 
b y u s i n g o n l y two p a r a m e t e r s . N o t e that i n the t r a n s v e r s e 
d i r e c t i o n the 1 , 2 , 3 , a n d 5 p e r c e n t c o n t o u r d i s t a n c e s a r e 
b a s i c a l l y e x p l a i n e d b y c h a n g e s i n t h e r i v e r t e m p e r a t u r e and 
r i v e r f l o w ; w h e r e a s , for 7 , 1 0 , 1 5 , a n d 2 0 p e r c e n t c o n t o u r 
d i s t a n c e s , the r i v e r t e m p e r a t u r e r e m a i n e d i m p o r t a n t b u t the 
G P S D e f f l u e n t f l o w r e p l a c e d r i v e r f l o w a s the s e c o n d p e r t i n e n t 
v a r i a b l e . O v e r a l l , the c o m b i n a t i o n o f two v a r i a b l e s e x p l a i n e d 
f r o m 6 2 p e r c e n t ( O . 7 8 4 2 ) o f the o b s e r v e d v a r i a t i o n for t h e 1 
p e r c e n t c o n t o u r d i s t a n c e t o o v e r 8 5 p e r c e n t for the 1 5 p e r c e n t 
c o n t o u r d i s t a n c e . I f all v a r i a b l e s a r e c o n s i d e r e d , o v e r 8 9 
p e r c e n t o f the v a r i a t i o n c a n b e e x p l a i n e d for the 1 5 p e r c e n t 
c o n t o u r . 
T h e fact that the h i g h e r c o n t o u r p o i n t s s h o w m o r e 
c o r r e l a t i o n w i t h the p r e s c r i b e d v a r i a b l e s i s a p p r o p r i a t e and 
l o g i c a l s i n c e the l o w e r v a l u e s p r o j e c t m u c h f a r t h e r f r o m the 
o u t f a l l a r e a and h e n c e a r e i n f l u e n c e d by a n u m b e r of 
a d d i t i o n a l f a c t o r s s u c h a s r i v e r t r a f f i c , d a m o p e r a t i o n , a n d 
w i n d . W i n d d i r e c t i o n a n d s p e e d , i n c i d e n t a l l y , had b e e n 
c o n s i d e r e d i n the o r i g i n a l d e s i g n o f the s t u d y a n d w e r e t o b e 
i n c o r p o r a t e d i n the s t a t i s t i c a l a n a l y s e s . T h e s u m m e r o f 1 9 8 4 , 
h o w e v e r , t u r n e d o u t t o b e a r e l a t i v e l y w i n d l e s s o n e ( s e e w i n d 
d a t a i n t a b l e 1 4 ) , a n d the r a n g e o f s p e e d s e n c o u n t e r e d w e r e 
not of s u f f i c i e n t m a g n i t u d e to be i n c o r p o r a t e d in the 
a n a l y s e s . E s s e n t i a l l y t h e n the r e s u l t s , a s p r e s e n t e d , a r e 
p r i n c i p a l l y a p p l i c a b l e t o p e r i o d s h a v i n g w i n d s p e e d s o f 1 0 m p h 
or l e s s . 
T h e c o r r e l a t i o n c o e f f i c i e n t s r e l a t i v e t o e s t a b l i s h i n g 
t w o - v a r i a b l e p r e d i c t i o n e q u a t i o n s for l o n g i t u d i n a l d i s t a n c e s 
a r e c o m p a r a b l e t o t h o s e e n c o u n t e r e d for the t r a n s v e r s e 
d i r e c t i o n ( s e e t a b l e 2 0 ) . O n l y 4 4 p e r c e n t o f the v a r i a t i o n can 
b e e x p l a i n e d for the 1 p e r c e n t v a l u e ; h o w e v e r , the e x p l a i n e d 
v a r i a t i o n j u m p s d r a m a t i c a l l y to 83 p e r c e n t for the 2 p e r c e n t 
v a l u e a n d r e a c h e s a m a x i m u m of 85 p e r c e n t for the 15 p e r c e n t 
v a l u e . All f i v e v a r i a b l e s e x p l a i n a h i g h 91 p e r c e n t of the 
o b s e r v e d v a r i a t i o n for the 7 p e r c e n t c o n t o u r m a x i m u m 
p e n e t r a t i o n p o i n t . T h e r i v e r t e m p e r a t u r e a n d the G P S D 
e f f l u e n t f l o w s h o w u p a s the two e l e m e n t s m o s t p e r t i n e n t for 
p r e d i c t i n g the m a x i m u m d i s p e r s i o n d i s t a n c e s for all c o n t o u r 
p e r c e n t a g e s i n the l o n g i t u d i n a l d i r e c t i o n . 
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Table 20. Summary of Results of the 
Mixing Zone Stepwise Regression Analyses 
Transverse Direction Longitudinal Direction 
GPSD River GPSD River Pool GPSD River GPSD River Pool 
Contour Flow Flow Temp. Temp. 
(°C) 
1 





















R 0.790 0.784 0.790 0.640 0.789 0.633 0.676 0.683 0.664 0.703 
2 Rank 4 2 3 1 5 1 3 5 2 4 
R 0.899 0.879 0.887 0.759 0.899 0.884 0.925 0.925 0.911 0.924 
3 Rank 3 2 4 1 5 1 3 5 2 4 
R 0.899 0.873 0.931 0.783 0.931 0.835 0.901 0.911 0.890 0.909 
5 Rank 3 2 4 1 5 1 3 5 2 4 
R 0.896 0.857 0.929 0.760 0.929 0.761 0.899 0.916 0.881 0.915 
7 Rank 2 3 5 1 4 1 3 5 2 4 
R 0.919 0.951 0.955 0.848 0.955 0.794 0.925 0.954 0.911 0.953 
10 Rank 2 3 4 1 5 1 4 5 2 3 
R 0.914 0.935 0.937 0.757 0.938 0.799 0.941 0.946 0.901 0.919 
15 Rank 1 3 4 2 5 2 4 5 1 3 
R 0.822 0.942 0.944 0.923 0.944 0.921 0.942 0.944 0.793 0.932 
20 Rank 1 5 3 2 4 2 4 4 1 3 
R 0.808 0.932 0.931 0.846 0.932 0.879 0.940 0.941 0.742 0.922 
T h e p r e d i c t i o n e q u a t i o n s d e r i v e d as a r e s u l t of the 
s t a t i s t i c a l a n a l y s e s a r e p r e s e n t e d i n t a b l e 2 1 . I n c l u d e d a r e 
the m a x i m u m and m i n i m u m p r e d i c t e d d i s t a n c e s and the m a x i m u m 
and m i n i m u m o b s e r v e d d i s t a n c e s . G o o d a g r e e m e n t o c c u r s b e t w e e n 
the v a l u e s . The m a x i m u m p r e d i c t e d d i s t a n c e s for b o t h 
t r a n s v e r s e and l o n g i t u d i n a l d i r e c t i o n s a r e c o n s i s t e n t l y 
g r e a t e r than the o b s e r v e d o n e s b e c a u s e the o b s e r v e d low 
t e m p e r a t u r e did not o c c u r in a s s o c i a t i o n w i t h e i t h e r the low 
river f l o w o r h i g h e f f l u e n t f l o w . The r e s u l t s m e r e l y 
d e m o n s t r a t e w h a t is l i k e l y to h a p p e n if this t e m p e r a t u r e - f l o w 
c o m b i n a t i o n s h o u l d o c c u r . The m i n i m u m p r e d i c t e d a n d o b s e r v e d 
v a l u e s s h o w g o o d a g r e e m e n t s i n c e the o b s e r v e d m i n i m u m v a l u e s 
w e r e r e c o r d e d d u r i n g c o n d i t i o n s c l o s e t o t h o s e for w h i c h the 
m i n i m u m p r e d i c t e d v a l u e s w e r e c a l c u l a t e d . 
T h e s e p r e d i c t i o n e q u a t i o n s are s o m e w h a t s t o c h a s t i c i n 
n a t u r e due t o their " b l a c k b o x " s t a t i s t i c a l d e r i v a t i o n . 
C o n s e q u e n t l y , u s e s s h o u l d be c o n f i n e d to c o n d i t i o n s in w h i c h 
the i n d e p e n d e n t v a r i a b l e i n p u t s fall w i t h i n the r a n g e o f 
v a l u e s u s e d to d e v e l o p the e q u a t i o n s . T h e s e l i m i t s a r e : T = 
15 to 3 1 ° C , Q = 5 , 0 0 0 to 1 1 , 0 0 0 c f s , and q = 20 to 55 m g d . 
As e v i d e n c e d by the a r r a y of e q u a t i o n s d e v e l o p e d and the 
v a r i a b l e o u t p u t p r o d u c e d , the m i x i n g z o n e c a n n o t b e c o n s i d e r e d 
a s i n g u l a r e n t i t y . It is a c o n s t a n t l y c h a n g i n g p h e n o m e n o n , 
w i t h the d e g r e e of c h a n g e g o v e r n e d by f l u c t u a t i o n s in the 
i n d e p e n d e n t v a r i a b l e s w i t h i n the p r e s c r i b e d l i m i t s . 
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Table 21. Summary of Mixing Zone Prediction Equations 
a. Transverse Channel Direction 
Max. D or L Min. D or L Observed 
Contour 













1 D _ 930 - 12.1T - 0.035Q 145 
2 D = 970 - 15.0T - 0.036Q 545 109 455 140 
3 D = 990 - 17.3T - 0.035Q 556 69 450 112 
5 D = 970 - 17.0T - 0.036Q 535 58 430 70 
7 D = 368 - 14.3T + 6.1q 489 47 410 60 
10 D = 330 - 13.0T + 5.5q 441 37 390 50 
15 D = 170 - 8.7T + 6.0q 370 20 330 35 
20 D 165 - 8.8T + 5.9q 
b. Longitudinal 
358 
Channel Direct ion 
10 260 10 
1 L = 5485 - 163T + 198q 13,930 4,392 13,000 3,600 
2 L = 620 - 120T + 190q 9,270 700 8,200 650 
3 L = 1770 - 108T + 109q 6,145 602 5,550 600 
5 L = 2380 - 104T + 61q 4,175 376 3,500 370 
7 L = 1910 - 96T + 59q 3,715 114 2,850 105 
10 L = 1345 = 73T + 47q 2,835 22 2,300 20 
15 L = 1615 - 67T + 24q 1,930 18 1,450 15 
20 L = 1245 - 54T + 22q 1,645 11 1,250 10 
D = transverse distance (ft) from shore stake 
L = longitudinal distance (ft) from station 1+50 
T = river temperature ( C) 
Q = river flow (cfs) 
q = GPSD effluent flow (mgd) 
T h e a r e a l e x t e n t o f the m i x i n g z o n e m u s t fall w i t h i n the 
p r e s c r i b e d a r e a o f a n e q u i v a l e n t 6 0 0 - f o o t - r a d i u s c i r c l e . T h e 
m i x i n g z o n e c o n f i g u r a t i o n c a n t a k e v a r i o u s a r b i t r a r y g e o m e t r i c 
f o r m s t o i n c l u d e t h i s a r e a . A n u l t r a c o n s e r v a t i v e e x a m p l e 
w o u l d be to d e f i n e the z o n e as a r e c t a n g l e w i t h the s h o r t s i d e 
b e i n g the t r a n s v e r s e p r o j e c t i o n s and the long s i d e the 
l o n g i t u d i n a l p r o j e c t i o n s for g i v e n c o n t o u r p e r c e n t a g e s a s 
d e r i v e d u s i n g the e q u a t i o n s p r e s e n t e d i n t a b l e 2 1 . T h e 
r e c t a n g u l a r c o n c e p t w o u l d r e d u c e the l o n g i t u d i n a l e x t e n t o f 
the z o n e , but i t w o u l d e x t e n d the t r a n s v e r s e p r o j e c t i o n 
u n i f o r m l y a l o n g the l o n g i t u d i n a l a x i s . 
A s e c o n d , s o m e w h a t l i b e r a l c o n c e p t w o u l d be to f i g u r e the 
a r e a in t e r m s of a t r i a n g l e s i m i l a r to that p r o p o s e d by B u t t s 
e t a l . ( 1 9 8 4 ) . T h e t r i a n g u l a r a r e a c o n c e p t p r o b a b l y f i t s the 
t h e o r e t i c a l c o n f i g u r a t i o n m o r e c l o s e l y than a n y o t h e r 
g e o m e t r i c d e s i g n for t h e h i g h e r p e r c e n t a g e c o n t o u r s . 
126 
E x a m i n a t i o n o f the c o n t o u r f i g u r e s 1 6 t h r o u g h 8 1 r e v e a l s that 
i n a l m o s t all i n s t a n c e s the h i g h v a l u e i s o - d y e l i n e o u t w a r d 
e x t e n s i o n s d e c r e a s e r e l a t i v e l y u n i f o r m l y d o w n s t r e a m w i t h 
g r a d u a l t e r m i n a t i o n a t t h e s h o r e . T h i s i s d e m o n s t r a t e d f a i r l y 
w e l l b y the s u r f a c e c o n t o u r s w h i c h w e r e d e v e l o p e d for the d a t a 
c o l l e c t e d o n S e p t e m b e r 1 1 , 1 9 8 4 ( s e e f i g u r e 5 9 ) . N o t e h o w the 
2 5 , 2 0 , 1 5 , 1 0 , 6 , a n d 5 p e r c e n t c o n t o u r s t e n d t o tail o f f 
d o w n s t r e a m a n d e v e n t u a l l y t e r m i n a t e d i r e c t l y a t a s h o r e 
l o c a t i o n . T h e c o n t o u r s for p e r c e n t a g e s b e l o w 5 a p p e a r t o fit 
a r e c t a n g u l a r m o d e l b e t t e r a s t h e y t e n d t o fan o u t d o w n s t r e a m 
b e c a u s e o f d i s p e r s i o n a n d d i l u t i o n . 
N o t e , a s e v i d e n c e d b y the c o n t o u r f i g u r e s 1 6 t h r o u g h 6 1 , 
that the u p s t r e a m m i x i n g z o n e t e r m i n u s i s w e l l d e f i n e d . A 
l a r g e w a t e r i n t a k e c o n d u i t p r o j e c t s s e v e r a l f e e t a b o v e the 
n o r m a l p o o l w a t e r level a t s t a t i o n 0 + 0 0 and a c t s a s a b a r r i e r 
t o e x c e s s m i x i n g m o v e m e n t i n a n u p s t r e a m d i r e c t i o n . 
C o n s e q u e n t l y , a m i x i n g z o n e i n c o r p o r a t i n g a d o w n s t r e a m 
t r i a n g u l a r d i s p e r s i o n p a t t e r n s h o u l d i n c l u d e a s m a l l 
r e c t a n g u l a r a r e a l s e c t i o n i n the i m m e d i a t e a r e a o f the 
o u t f a l l . T h e l o n g i t u d i n a l b a s e s h o u l d run b e t w e e n s t a t i o n s 
0 + 0 0 a n d 5 + 0 0 . T h e t r i a n g u l a r a r e a s h o u l d b e c o m p u t e d o n the 
b a s i s o f a r i g h t t r i a n g l e w i t h the b a s e s t a r t i n g a t s t a t i o n 
5 + 0 0 a n d t e r m i n a t i n g a t p o i n t s d i c t a t e d b y the e q u a t i o n s 
p r o v i d e d i n t a b l e 2 1 b . 
A c o m p r o m i s e b e t w e e n the two e x t r e m e a r e a l c o n c e p t s 
e x p l a i n e d a b o v e w o u l d b e t o c o n s i d e r the z o n e a s a t r a p e z o i d 
h a v i n g a n a v e r a g e e n d h e i g h t e q u a l t o 7 5 p e r c e n t o f the 
t r a n s v e r s e p r o j e c t i o n s d e r i v e d u s i n g the e q u a t i o n s p r e s e n t e d 
i n t a b l e 2 1 a . T h e 7 5 p e r c e n t f i g u r e i s d e r i v e d o n the b a s i s 
that the d o w n s t r e a m t r a n s v e r s e p r o j e c t i o n i s 5 0 p e r c e n t o f the 
t r a n s v e r s e p r o j e c t i o n a t the o u t f a l l c a l c u l a t e d u s i n g the 
t a b l e 2 1 a e q u a t i o n s . T h e t r a p e z o i d , l i k e the t r i a n g l e , w o u l d 
s t a r t a t s t a t i o n 5 + 0 0 w i t h the z o n e b e t w e e n s t a t i o n s 0 + 0 0 a n d 
5 + 0 0 b e i n g c o n s i d e r e d a r e c t a n g l e . 
R e c o g n i t i o n is g i v e n at t h i s t i m e to the f a c t t h a t the 
s h o r e l i n e i m m e d i a t e l y b e l o w the o u t f a l l i s not s t r a i g h t but 
f o r m s a l a r g e - r a d i u s , c o n v e x a r c . E s s e n t i a l l y t h e n the 
s t r a i g h t l i n e l o n g i t u d i n a l b a s e s a s s i g n e d t o e i t h e r the 
r e c t a n g u l a r , t r i a n g u l a r , o r t r a p e z o i d a l c o n c e p t s a c t a s c o r d s 
a c r o s s t h i s a r c . T h i s i n t r o d u c e s s o m e e r r o r i n the total 
m i x i n g z o n e a r e a - - the t o t a l i s s l i g h t l y u n d e r s t a t e d s i n c e 
the a r e a b e t w e e n the c o r d a n d a r c i s not i n c l u d e d . H o w e v e r , 
b e c a u s e the a r c i s s o l a r g e t h i s a r e a i s r e l a t i v e l y s m a l l a n d 
e n c o m p a s s e s a v e r y s h a l l o w n e a r - s h o r e v o l u m e . F o r the s a k e o f 
s i m p l i c i t y a n d a p p l i c a b i l i t y , a s t r a i g h t - s i d e d g e o m e t r i c 
c o n f i g u r a t i o n s h o u l d b e u s e d t o d e f i n e the m i x i n g z o n e s i n c e 
it d o e s not s i g n i f i c a n t l y e x a g g e r a t e the a c c e p t a b l e z o n e in 
t h i s s p e c i f i c s i t u a t i o n . 
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The m a x i m u m a r e a s e n c o m p a s s e d by the v a r i o u s contour 
p e r c e n t a g e e l e m e n t s for the three s u g g e s t e d g e o m e t r i c shapes 
are p r e s e n t e d in table 2 2 . In r e v i e w i n g the tabulated r e s u l t s , 
the fact thai a 6 0 0 - f o o t - r a d i u s c i r c l e has an area equal to 
1,130,973 ft2 should be kept in m i n d ; the values under the 
dashed lines in the table indicate a r e a s less than this 
v a l u e . A t r i a n g u l a r model fits the areal s p e c i f i c a t i o n s for 
p e r c e n t a g e s of a p p r o x i m a t e l y 5 or g r e a t e r ; a trapezoidal model 
fits for v a l u e s s t a r t i n g s o m e w h e r e b e t w e e n 8 and 10 p e r c e n t , 
and a r e c t a n g u l a r model fits for values s l i g h t l y greater than 
10 p e r c e n t . 
The second physical c r i t e r i o n that has to be met is the 
s p e c i f i c a t i o n that no m o r e than 25 p e r c e n t of the s t r e a m flow 
or c r o s s - s e c t i o n a l area is to be c o n t a i n e d w i t h i n the m i x i n g 
z o n e . F i g u r e 83 has been p r e p a r e d to help e v a l u a t e the 
i n f l u e n c e this factor has in d e l i n e a t i n g a m i x i n g zone in the 
area of the G P S D o u t f a l l . F l o w m e a s u r e m e n t s w e r e taken at 
station 4+00 in the m i d s e c t i o n of the outfall a r e a and at 
station 9+00 near the i n t e r m i t t e n t o v e r f l o w channel 
d i s c h a r g e s . The f i g u r e is a plot of a c c u m u l a t e d flow 
p e r c e n t a g e s v e r s u s d i s t a n c e from the right bank looking 
d o w n s t r e a m . P l o t s of a c c u m u l a t e d a r e a s v e r s u s d i s t a n c e s 
p r o d u c e similar curves at these two s t a t i o n s . N o t e that a 25 
p e r c e n t a c c u m u l a t e d flow value falls at a point a p p r o x i m a t e l y 
250 feet from s h o r e . T h i s is s i g n i f i c a n t l y less than the 
m a x i m u m t r a n s v e r s e d i s t a n c e p r e d i c t e d to occur d u r i n g 
c o n d i t i o n s similar to those e n c o u n t e r e d d u r i n g this study Csee 
table 2 1 a ) . C o n v e r s e l y , it is s i g n i f i c a n t l y greater than the 
m i n i m u m p r e d i c t e d t r a n s v e r s e p r o j e c t i o n s . 
Table 22. Areal Extent of Mixing Zones 
for Various Iso-dye Percentage Contours 
Maximum Area Adjusted to i Meet 25% 
Contour Maximum Area (ft2) Encompassed 
Rectangle Trapezoid Triangle 
Stream F low/Area Requi rement 
Percentages Rectangle Trapezoid Triangle 
1 7,995,820 5,996,865 3,997,910 _ - -
2 5,237,550 3,928,163 2,618,775 - - -
3 3,416,620 2,562,465 1,708,310 - - -
5 2,233,625 1,675,219 1,116,813 - - -
7 1,786,915 1,340,186 893,458 515,250 386,438 257,625 
10 1,250,235 937,676 625,118 463,750 347,813 231,875 
15 714,100 535,575 357,050 232,500 174,375 116,250 
20 588,910 441,683 294,455 233,750 175,313 116,875 
Note: Values under dashed line meet the area requirements imposed by IWPCB 
Standards 
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Figure 86. Accumulated percentage of flow 
in a transverse direction at stations 4+00 and 9+00 
T a b l e 2 3 has b e e n p r e p a r e d t o show t h e o p t i m u m p a i r e d 
c o n d i t i o n s ( r i v e r t e m p e r a t u r e and r i v e r f l o w o r r i v e r 
t e m p e r a t u r e and e f f l u e n t f l o w ) a t w h i c h a n e s t i m a t e d o u t w a r d 
p r o j e c t i o n o f 2 5 0 f e e t w o u l d b e p r o d u c e d . The v a l u e s 
p r e s e n t e d i n t h e t a b l e f o r c o n t o u r s o f 1 , 2 , 3 , and 5 p e r c e n t 
can b e i n t e r p r e t e d o r u s e d s o t h a t a g i v e n t a b u l a r v a l u e o f 
r i v e r f l o w CO) p a i r e d w i t h any t e m p e r a t u r e l e s s t h a n t h e g i v e n 
l i n e v a l u e w i l l p r o d u c e a t r a n s v e r s e p r o j e c t i o n g r e a t e r t h a n 
2 5 p e r c e n t , and any g i v e n t e m p e r a t u r e v a l u e p a i r e d w i t h a 0  
l e s s t h a n t h e l i n e v a l u e w i l l p r o d u c e a p r o j e c t i o n g r e a t e r 
t h a n 2 5 p e r c e n t . Fo r e x a m p l e , a r i v e r t e m p e r a t u r e o f 25°C 
c o u p l e d w i t h a r i v e r f l o w o f 1 0 , 7 8 6 c f s w i l l r e s u l t i n a n 
e s t i m a t e d 2 5 0 - f o o t p r o j e c t i o n o f t h e 1 p e r c e n t c o n t o u r . I f  
t h e t e m p e r a t u r e d r o p s t o 24°C b u t t h e f l o w r e m a i n s u n c h a n g e d ,  
t h e 1 p e r c e n t p r o j e c t i o n i s i n c r e a s e d t o 2 6 2 f e e t . S i m i l a r l y ,  
i f t h e t e m p e r a t u r e r e m a i n s 25°C b u t t h e f l o w d e c r e a s e s t o  
1 0 , 0 0 0 c f s t h e p r o j e c t i o n i s i n c r e a s e d t o 2 7 8 f e e t .  
C o n v e r s e l y , any i n c r e a s e i n f l o w a s s o c i a t e d w i t h a g i v e n  
t a b u l a r t e m p e r a t u r e w i l l p r o d u c e r e d u c e d p r o j e c t i o n d i s t a n c e s ,  
a n d a n y i n c r e a s e i n t e m p e r a t u r e s a s s o c i a t e d w i t h a g i v e n  
t a b u l a r f l o w w i l l a l s o p r o d u c e r e d u c e d d i s t a n c e s .  
Tab le 2 3 . P a i r e d T-Q and T-q V a l u e s Which 
Produce A 250 F t . T r a n s v e r s e P r o j e c t i o n 
Using T a b l e 21a E q u a t i o n s 
Flows P r o d u c i n g 250 f t . P r o j e c t i o n s 
R i v e r a t Given L ine T e m p e r a t u r e s For Contour %'s  
Temp. R i v e r Flow (Q) c f s E f f l u e n t Flow (q) mgd 
T(°C)  1% 2% 3% 5% 7% 10% 15% 20% 
15 14 ,243 1 3 , 7 5 0 13 ,729 1 2 , 9 1 7 16 21 35 37 
16 13 ,897 13 ,333 13 ,234 12 ,444 18 23 37 38 
17 1 3 , 5 5 1 12 ,917 12 ,386 11 ,973 21 26 38 40 
18 13 ,205 12 ,500 12 ,246 11 ,500 23 28 39 41 
19 12 ,860 12 ,083 11 ,425 11 ,028 25 30 41 43 
20 12 ,514 11 ,667 11 ,257 10 ,556 28 33 42 44 
21 12 ,169 11 ,250 10 ,763 10 ,083 30 35 44 46 
22 11 ,823 10 ,833 10 ,269 9 , 6 1 1 32 37 45 47 
23 11 ,477 10 ,417 9,774 9 ,139 35 39 47 49 
24 1 1 , 1 3 1 10 ,000 9 ,280 8 ,667 37 42 48 50 
25 10 ,786 9 ,583 8 ,786 8 ,194 39 45 50 52 
26 10 ,440 9 ,617 8 ,291 7 ,722 42 47 51 53 
27 10 ,094 8 ,750 7 ,797 7 ,250 44 49 52 56 
28 9 ,749 8 ,333 7 ,303 6 ,778 46 52 54 58 
29 9 ,403 7 ,917 6 ,809 6 ,306 49 54 55 59 
30 9 ,057 7 ,500 6 ,314 5 ,833 51 56 57 61 
31 8 , 7 1 1 7 ,083 5 ,820 5 ,361 53 59 58 62 
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T h e p r o j e c t i o n s for the 7 , 1 0 , 1 5 , and 2 0 p e r c e n t 
c o n t o u r s a r e n e g a t i v e l y r e l a t e d t o r i v e r t e m p e r a t u r e and 
p o s i t i v e l y r e l a t e d t o e f f l u e n t d i s c h a r g e r a t e s . C o n s e q u e n t l y , 
any e f f l u e n t f l o w g r e a t e r than that a s s o c i a t e d w i t h a g i v e n 
line t e m p e r a t u r e i n t a b l e 2 3 w i l l p r o d u c e t r a n s v e r s e d i s t a n c e s 
g r e a t e r than 2 5 0 f e e t . For e x a m p l e , a r i v e r t e m p e r a t u r e of 
2 5 ° C c o u p l e d w i t h an e f f l u e n t f l o w of 39 m g d w i l l r e s u l t in an 
e s t i m a t e d 2 5 0 - f o o t p r o j e c t i o n of the 7 p e r c e n t c o n t o u r . If 
the t e m p e r a t u r e d r o p s t o 2 4 ° C but the e f f l u e n t f l o w r e m a i n s 
e q u a l t o 3 9 m g d , the p r o j e c t i o n i s i n c r e a s e d t o 2 6 3 f e e t . 
S i m i l a r l y , if the t e m p e r a t u r e r e m a i n s e q u a l to 2 5 ° C but the 
e f f l u e n t f l o w i n c r e a s e s t o 4 0 m g d , the p r o j e c t i o n w i l l 
i n c r e a s e t o 2 5 5 f e e t . C o n v e r s e l y , any d e c r e a s e i n f l o w 
a s s o c i a t e d w i t h a g i v e n t a b u l a r t e m p e r a t u r e or any i n c r e a s e in 
t e m p e r a t u r e a s s o c i a t e d w i t h a g i v e n t a b u l a r f l o w w i l l r e s u l t 
in p r o j e c t i o n s of less than 2 5 0 f e e t . 
A n o t e w o r t h y fact is that the a r e a l e x t e n t of the m i x i n g 
z o n e is g r e a t l y r e d u c e d as a c o n s e q u e n c e of m e e t i n g the 25 
p e r c e n t f l o w / a r e a s t a n d a r d ( s e e t a b l e 2 2 ) . 
S u f f i c i e n t i n f o r m a t i o n h a s n o w b e e n p r e s e n t e d for 
p r u d e n t l y s e l e c t i n g a c o n t o u r e l e m e n t and g e o m e t r i c s h a p e t o 
d e f i n e the m i x i n g z o n e . C o n t o u r e l e m e n t s u p t o 5 p e r c e n t a r e 
not p r a c t i c a l t o u s e , p r i n c i p a l l y b e c a u s e t h e s e low 
p e r c e n t a g e s d o not e v e n m e e t the b a s i c a r e a r e q u i r e m e n t a s 
i l l u s t r a t e d b y the d a t a p r e s e n t e d i n t a b l e 2 2 . W h i l e c o n t o u r 
p e r c e n t a g e s of 7 or g r e a t e r m e e t the a r e a r e q u i r e m e n t for o n e 
o r m o r e m o d e l s h a p e s , n o n e m e e t s the 2 5 p e r c e n t f l o w / a r e a 
r e q u i r e m e n t . C o n s e q u e n t l y , o n l y r e s t r i c t i v e u s e o f t h e s e 
p e r c e n t a g e s is a p p r o p r i a t e . T h e u s e of the 7 p e r c e n t c o n t o u r 
is too r e s t r i c t i v e and the u s e of the 10 p e r c e n t o n e m a y a l s o 
b e too r e s t r i c t i v e . G P S D e f f l u e n t f l o w s w o u l d h a v e t o b e 
l i m i t e d to r a t e s less than 16 m g d for the 7 p e r c e n t c o n t o u r to 
fall w i t h i n the 2 5 p e r c e n t f l o w / a r e a r e q u i r e m e n t d u r i n g cool 
r i v e r t e m p e r a t u r e p e r i o d s , and less than 21 m g d for the 10 
p e r c e n t c o n t o u r t o fall w i t h i n that r e q u i r e m e n t C s e e 15°C line 
i n t a b l e 2 3 ) . P r e s e n t l y n o r m a l d a i l y f l o w s r a n g e b e t w e e n 2 0 
and 2 5 m g d . 
S e l e c t i o n of e i t h e r the 15 or 20 p e r c e n t c o n t o u r s a p p e a r s 
t o h a v e c o n s i d e r a b l e m e r i t . P r e f e r e n c e p r o b a b l y s h o u l d b e 
p l a c e d o n u s i n g the 1 5 p e r c e n t o n e s i n c e i t w o u l d l i b e r a l i z e 
the d i s c h a r g e r e q u i r e m e n t s r e l a t i v e t o the 1 0 p e r c e n t c o n t o u r , 
w h i l e i m p o s i n g m i n i m a l a d d i t i o n a l r e s t r i c t i o n s . N o t e that a 
d i s c h a r g e r a t e of 37 m g d or less w o u l d be r e q u i r e d at 1 5 ° C to 
m e e t all r e q u i r e m e n t s for the 2 0 p e r c e n t e l e m e n t , w h e r e a s o n l y 
a s l i g h t l y lower f i g u r e of 35 m g d w o u l d be n e e d e d for the 15 
p e r c e n t e l e m e n t . 
T h e fact has b e e n e s t a b l i s h e d e a r l y in this s e c t i o n that 
t o x i c i t y c o n s i d e r a t i o n s d i c t a t e the a l l o w a b l e a m m o n i a - N 
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c o n c e n t r a t i o n in the r i v e r . T h e m i n i m a l v a l u e as p r e s e n t e d in 
t a b l e 18 is 1.5 m g / l of total a m m o n i a - N . S e l e c t i o n of the 15 
p e r c e n t c o n t o u r w o u l d , t h e r e f o r e , a l l o w the G P S D t o r o u t i n e l y 
d i s c h a r g e 10 m g / l of a m m o n i a w h i l e a d h e r i n g to the 15 p e r c e n t 
e f f l u e n t f l o w r a t e s c h e d u l e p r e s e n t e d i n t a b l e 2 3 . T h i s s h o u l d 
not b e h a r d t o d o s i n c e , p r e s e n t l y , d a i l y f l o w u s u a l l y r a n g e s 
f r o m 10 to 15 m g d b e l o w the m a x i m u m 35 m g d set for 15°C river 
t e m p e r a t u r e s . I n g e n e r a l d u r i n g cool w e a t h e r the G P S D c o u l d 
d i s c h a r g e up to 35 m g d of e f f l u e n t c o n t a i n i n g 10 m g / l of 
a m m o n i a - N . I n c o n t r a s t , d u r i n g v e r y w a r m p e r i o d s d i s c h a r g e s 
w e l l o v e r 5 0 m g d c o u l d b e t o l e r a t e d w h e n the a m m o n i a - N c o n t e n t 
is 10 m g / l . 
A d h e r e n c e t o the 1 0 p e r c e n t c o n t o u r r e s t r i c t i o n s m a y b e 
m a n a g e a b l e o r e v e n d e s i r a b l e . T h i s w o u l d a l l o w a n a m m o n i a - N 
c o n c e n t r a t i o n of 15 m g / l to be d i s c h a r g e d , but it w o u l d 
r e q u i r e the i n s t i t u t i o n o f a s t r u c t u r e d m a n a g e m e n t s c h e m e 
w h e r e b y p l a n t d i s c h a r g e r a t e s w e r e t a i l o r e d t o m e e t s e a s o n a l 
c o n d i t i o n s . C o n s i d e r a b l e f l o w s t o r a g e i s a v a i l a b l e a t the 
p l a n t , w h i c h m e a n s that p o r t i o n s o f cool w e a t h e r h i g h f l o w s 
c o u l d b e r e t a i n e d and " b l e d o f f " a t later d a t e s t o m e e t e i t h e r 
the d i s c h a r g e s c h e d u l e r e q u i r e m e n t s p r e s e n t e d i n the 1 0 
p e r c e n t c o l u m n in t a b l e 23 or the less r e s t r i c t i v e cool 
w e a t h e r r i v e r s t a n d a r d s p r e s e n t e d i n t a b l e 1 8 . 
T h e r e s t r i c t i v e n a t u r e o f the 2 5 p e r c e n t f l o w / a r e a 
r e q u i r e m e n t o b v i a t e s the n e e d to d e f i n e a s p e c i f i c g e o m e t r i c 
f o r m o f the m i x i n g z o n e . E v e n the r e c t a n g u l a r m o d e l p r o d u c e s 
a r e a s m u c h less than the m a x i m u m a l l o w a b l e w h e n the a r e a i s 
c o m p u t e d on the b a s i s of a 2 5 0 - f o o t t r a n s v e r s e p r o j e c t i o n as 
p r e s e n t e d i n t a b l e 2 2 . 
S o m e b r i e f c o m m e n t s a n d d i s c u s s i o n w i l l b e a d v a n c e d i n 
r e f e r e n c e t o d o w n s t r e a m d i s p e r s i o n and d i l u t i o n . T h e g r a p h s 
in A p p e n d i x I s h o w the o b s e r v e d d i s t r i b u t i o n s of d y e 
p e r c e n t a g e s and the r e l a t i v e a m o u n t s o f d y e c a r r i e d w i t h i n 
2 5 - f o o t s e g m e n t s o f c h a n n e l s e c t i o n s a t s t a t i o n s 1 2 + 0 0 a n d 
1 0 4 + 0 0 for d a t e s o n w h i c h f l o w s w e r e e i t h e r m e a s u r e d o r 
e x t r a p o l a t e d . A s w a s the c a s e w i t h the a r e a l a n d 
c r o s s - s e c t i o n a l i s o - d y e c o n t o u r p l o t s , t h e s e f i g u r e s , 
p a r t i c u l a r l y t h o s e a t s t a t i o n 1 2 + 0 0 , s h o w l i t t l e o r n o 
u n i f o r m i t y f r o m d a t e t o d a t e . A s w o u l d b e e x p e c t e d , the 
v a r i a b i l i t y w i t h i n a c r o s s s e c t i o n o n g i v e n d a t e s a t 1 2 + 0 0 i s 
s i g n i f i c a n t l y g r e a t e r t h a n that a t 1 0 4 + 0 0 . S i g n i f i c a n t l y 
h i g h e r c o n c e n t r a t i o n s u s u a l l y o c c u r n e a r s h o r e , but the b u l k 
of the m a t e r i a l is c a r r i e d in the c h a n n e l . T h i s is 
i l l u s t r a t e d c l e a r l y b y the S e p t e m b e r 1 1 , 1 9 8 4 p l o t for s t a t i o n 
12 + 00 . 
T h e d i s t r i b u t i o n c o n f i g u r a t i o n s a t s t a t i o n 1 0 4 + 0 0 m a y 
h a v e b e e n i n f l u e n c e d s o m e w h a t b y the d a m o p e r a t i o n ( o r , a s the 
c a s e m a y b e , the lack o f o p e r a t i o n ) . U p t h r o u g h J u l y 3 1 , 
1 9 8 4 , the 1 0 4 + 0 0 p l o t s r e v e a l that the h i g h e r d y e p e r c e n t a g e s 
and the b u l k o f the m a s s t r a n s f e r o c c u r r e d n e a r the e a s t s i d e 
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o f the r i v e r . A t this t i m e , h e a v y r i v e r t r a f f i c w a s 
o c c u r r i n g , w i t h c o n s t a n t l o c k a g e s b e i n g p e r f o r m e d i n 
a n t i c i p a t i o n of an e x t e n d e d s h u t d o w n of u p - r i v e r lock 
f a c i l i t i e s for r e p a i r . T h e P e o r i a lock is l o c a t e d on the e a s t 
b a n k a s s h o w n b y f i g u r e 1 5 . T h e p l o t s p r e s e n t e d for d a t e s 
a f t e r the end of J u l y r e f l e c t the g r e a t l y r e d u c e d use of the 
P e o r i a locks d u r i n g the a c t u a l s h u t d o w n o f the u p s t r e a m 
f a c i l i t i e s . M o s t o f t h e s e p l o t s s h o w a m o r e u n i f o r m 
d i s t r i b u t i o n o f b o t h d y e p e r c e n t a g e s a n d m a s s b u l k w i t h i n the 
c o n f i n e s of the c h a n n e l . T h e b u l k of the d y e did not s e e m to 
g r a v i t a t e t o w a r d the l o c k s . 
T h e d o w n s t r e a m d i s p e r s i o n i s a l s o g r e a t l y i n f l u e n c e d b y 
s u c h u n q u a n t i f i a b l e f a c t o r s a s b a r g e tow m o v e m e n t and i d l i n g , 
b a r g e f l e e t i n g , b a r g e p a r k i n g a l o n g the w e s t b a n k ( s e e f i g u r e s 
5 6 - 6 1 ) , pool m a n i p u l a t i o n a t the d a m , a n d the i n f l o w o f 
K i c k a p o o C r e e k . S u c h f a c t o r s a l m o s t c o m p l e t e l y n e g a t e the 
p o s s i b i l i t y o f e m p l o y i n g t h e o r e t i c a l c o n c e p t s t o m i x i n g , 
d i s p e r s i o n , a n d d i l u t i o n i n this a r e a o f the r i v e r . 
T h e fact h a s b e e n e s t a b l i s h e d that as m u c h as 15 m g / l of 
a m m o n i a - N c o u l d be d i s c h a r g e d in a G P S D e f f l u e n t f l o w of a b o u t 
5 5 m g d i n c o n c e r t w i t h C B O D 5 c o n c e n t r a t i o n s w h i c h m e e t 
p r e s e n t - d a y e f f l u e n t s t a n d a r d s w i t h o u t v i o l a t i n g s t r e a m w a t e r 
q u a l i t y s t a n d a r d s . A n a t u r a l q u e s t i o n that a r i s e s c o r o l l a r y 
t o t h i s i s : " W h a t c a r b o n a c e o u s B O D 5 e f f l u e n t c o n c e n t r a t i o n 
c o u l d be t o l e r a t e d in a s s o c i a t i o n w i t h a 1 5 - m g / l a m m o n i a - N 
c o n c e n t r a t i o n w i t h o u t s i g n i f i c a n t l y a f f e c t i n g the D O r e s o u r c e s 
i n the L a G r a n g e p o o l ? " T o a n s w e r t h i s the S t a t e W a t e r 
S u r v e y ' s D O - B O D m o d e l w a s a g a i n e m p l o y e d u s i n g r i v e r p h y s i c a l 
and b i o l o g i c a l c o n d i t i o n s a s o b s e r v e d o n J u n e 2 6 , 1979 ( s e e 
a m b i e n t c o n d i t i o n s n o t e o n f i g u r e 8 2 ) . T w o s i m u l a t i o n s w e r e 
run -- o n e for an e f f l u e n t C B O D 5 of 40 m g / l a n d the o t h e r for 
5 0 m g / l , w i t h e a c h o c c u r r i n g i n a 5 5 - m g d e f f l u e n t f l o w h a v i n g 
a n a m m o n i a - N c o n c e n t r a t i o n o f 1 5 m g / l . 
T h e a c t u a l m i n i m u m o b s e r v e d D O o n this d a t e w a s 
a p p r o x i m a t e l y 5.80 m g / l ( s e e f i g u r e 8 2 ) . T h e a l l o w a n c e o f a 
C B O D 5 of 40 m g / l w o u l d lower this to 5.54 m g / l w h i l e a C B O D 5 
of 50 m g / l w o u l d lower it o n l y s l i g h t l y m o r e to 4.48 m g / l . 
T h e c o m p l e t e D O sag c u r v e g e n e r a t e d u s i n g the 5 0 m g / l C B O D 5 
c o n c e n t r a t i o n is p r e s e n t e d by the d o t t e d line in f i g u r e 8 2 . 
T h e sag c u r v e t h r o u g h o u t the l e n g t h of the pool f a l l s w e l l 
a b o v e the m i n i m u m a c c e p t a b l e s t a n d a r d of 5.0 m g / l in s p i t e of 
the fact that the 5 5 - m g d e f f l u e n t f l o w r a t e u s e d is an e x t r e m e 
v a l u e w h i c h i s not n o r m a l l y e x p e r i e n c e d d u r i n g dry w e a t h e r 
c o n d i t i o n s . 
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S U M M A R Y A N D C O N C L U S I O N S 
F i e l d s t u d i e s w e r e p e r f o r m e d b e t w e e n J u l y 1 1 , 1 9 8 4 and 
O c t o b e r 2 5 , 1 9 8 4 t o q u a n t i f y the e f f e c t s G r e a t e r P e o r i a 
S a n i t a r y D i s t r i c t ( G P S D ) t r e a t m e n t p l a n t e f f l u e n t a m m o n i a - N 
d i s c h a r g e s h a v e o n d o w n s t r e a m I l l i n o i s R i v e r w a t e r q u a l i t y . 
T h e b a s i c o b j e c t i v e of the s t u d y w a s to d e t e r m i n e if the 
a m m o n i a - N e f f l u e n t s t a n d a r d o f 2.5 m g / l i m p o s e d u p o n the G P S D 
is t o o r e s t r i c t i v e or is u n j u s t i f i e d e n v i r o n m e n t a l l y or 
e c o l o g i c a l l y . 
R i v e r w a t e r s a m p l e s w e r e c o l l e c t e d a n d a n a l y z e d for 
a m m o n i a - N , N i t r a t e - N , K j e l d a h l - N , t e m p e r a t u r e , p H , D O , a n d 
t u r b i d i t y . C o l l e c t i o n s w e r e m a d e a t n e a r s h o r e and c h a n n e l 
l o c a t i o n s a t s t a t i o n s a b o v e the o u t f a l l , a t the o u t f a l l , a n d 
b e l o w it o v e r a w i d e r a n g e of river f l o w s a n d t e m p e r a t u r e s . 
T h e d a t a w e r e u s e d t o e v a l u a t e b o t h d i r e c t a n d i n d i r e c t river 
w a t e r q u a l i t y i m p l i c a t i o n s o f p e r m i t t i n g h i g h e r a m m o n i a - N 
c o n c e n t r a t i o n s to be d i s c h a r g e d in the e f f l u e n t . D i r e c t w a t e r 
q u a l i t y i m p l i c a t i o n s a r e r e f l e c t e d p r i m a r i l y t h r o u g h t o x i c i t y 
e f f e c t s and the n e c e s s i t y o f m e e t i n g s t r e a m s t a n d a r d s t o 
m i n i m i z e t h e s e e f f e c t s . I n d i r e c t i m p l i c a t i o n s a r e r e f l e c t e d 
i n the p r o c e s s o f n i t r i f i c a t i o n w h e r e b y a m m o n i a o x i d a t i o n 
d e p l e t e s o x y g e n i n s u r f a c e w a t e r s . A s s u r a n c e s w e r e n e e d e d 
that a m m o n i a - N o x i d a t i o n d o e s not i m p o s e a s e r i o u s t h r e a t t o 
I l l i n o i s R i v e r d i s s o l v e d o x y g e n C D O ) r e s o u r c e s . 
I l l i n o i s P o l l u t i o n C o n t r o l B o a r d R u l e s and R e g u l a t i o n s 
p e r m i t a m i x i n g z o n e b e t w e e n a r e c e i v i n g s t r e a m a n d the 
e f f l u e n t d i s c h a r g e i n w h i c h w a t e r q u a l i t y s t a n d a r d s c a n b e 
v i o l a t e d . C o n s i d e r a b l e e f f o r t w a s e x p e n d e d b o t h i n the field 
and i n the o f f i c e g a t h e r i n g a n d e x t r a c t i n g i n f o r m a t i o n w h i c h 
c o u l d be u s e d to d e f i n e a m i x i n g z o n e in the a r e a of the G P S D 
o u t f a l l . M i x i n g o f the e f f l u e n t w i t h the r i v e r w a s t r a c e d 
u s i n g f l u o r e s c e n t d y e t e c h n i q u e s . D y e w a s i n j e c t e d i n t o the 
e f f l u e n t o n 1 0 d i f f e r e n t d a t e s . R i v e r f l o w d u r i n g t h e s e d a t e s 
r a n g e d f r o m a p p r o x i m a t e l y 5 0 0 0 t o 1 1 , 0 0 0 cfs and river 
t e m p e r a t u r e s r a n g e d b e t w e e n 1 5 and 3 1 C . P l a n t f l o w s w e r e 
c o n t r o l l e d and the f l o w s w e r e v a r i e d i n 5 - m g d i n c r e m e n t s 
b e t w e e n r a t e s o f 2 0 t o 5 0 m g d . E i g h t h u n d r e d dye s a m p l e s per 
run w e r e c o l l e c t e d f r o m the river a t v a r i o u s t r a n s e c t s 
e x t e n d i n g a l m o s t two m i l e s b e l o w the o u t f a l l . T h e 
l o n g i t u d i n a l and t r a n s v e r s e s a m p l i n g d i s t a n c e s w e r e r e f e r e n c e d 
to a s u r v e y e d b a s e l i n e laid o u t f o l l o w i n g the o u t l i n e of the 
s h o r e . T r a n s v e r s e d i s t a n c e s w e r e m e a s u r e d u s i n g h i g h q u a l i t y 
s p l i t - i m a g e r a n g e f i n d e r s ; s a m p l e d e p t h s w e r e g a g e d u s i n g a 
d e p t h c o u n t e r a t t a c h e d t o f i s h i n g d o w n r i g g e r s . S a m p l i n g w a s 
d o n e u s i n g four b o a t s e q u i p p e d w i t h a u n i q u e p u m p i n g s y s t e m 
d e s i g n e d t o e x p e d i t e the s a m p l i n g p r o c e s s a n d t o m i n i m i z e 
c o n t a m i n a t i o n e r r o r s . 
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H i s t o r i c a l i n f o r m a t i o n w a s g a t h e r e d and t a b u l a t e d t o 
d e t e r m i n e the r e l a t i o n s h i p b e t w e e n a m m o n i a - N c o n c e n t r a t i o n s 
o b s e r v e d in the river and t h o s e d i s c h a r g e d in the G P S D 
e f f l u e n t . T h e I l l i n o i s S t a t e W a t e r S u r v e y ( I S W S ) has c o m p i l e d 
a long r e c o r d of river a m m o n i a - N d a t a v i a w e e k l y w a t e r q u a l i t y 
s a m p l i n g in the river a b o u t 1.5 m i l e s a b o v e the G P S D o u t f a l l . 
C o m p a r i s o n s w e r e m a d e b e t w e e n the r i v e r v a l u e s and t h o s e i n 
the e f f l u e n t for the y e a r s 1 9 7 8 t h r o u g h 1 9 8 4 . 
C o n c l u s i o n s r e a c h e d as a r e s u l t of t h i s s t u d y a r e : 
1. T h e r e g u i r e m e n t that the G P S D m e e t a 2.5 m q / l a m m o n i a - N 
e f f i u e n t S t a n d a r d i s u n j u s t i f i e d and s e v e r e l y 
r e s t r i c t i v e . D i r e c t river s a m p l i n g c o n d u c t e d d u r i n g the 
s t u d y s h o w e d that the e f f l u e n t p r o d u c e d a d e t e c t a b l e but 
i n s i g n i f i c a n t r i s e i n the river a m m o n i a - N c o n c e n t r a t i o n 
e v e n d u r i n g p e r i o d s w h e n the G P S D f a i l e d t o c o m p l y w i t h 
the 2.5 m g / l e f f l u e n t r e q u i r e m e n t . O n O c t o b e r 1 5 , 1 9 8 4 , 
the e f f l u e n t c o n t a i n e d 8.0 m g / l of a m m o n i a - N , but in the 
c e n t e r of the c h a n n e l at the o u t f a l l , the v e r t i c a l l y 
a v e r a g e d c o n c e n t r a t i o n w a s o n l y 0.19 m g / l ; two m i l e s 
d o w n s t r e a m the c h a n n e l a v e r a g e w a s a s l i g h t l y but 
i n s i g n i f i c a n t l y h i g h e r 0.29 m g / l . T h e c o m p a r i s o n s o f the 
h i s t o r i c a l d a t a p r o d u c e d s i m i l a r c o n c l u s i o n s . E v e n p r i o r 
t o the i m p l e m e n t a t i o n o f a m m o n i a - N r e m o v a l the m a x i m u m 
e f f e c t the G P S D e f f l u e n t a m m o n i a - N had w a s t o r a i s e the 
river c o n c e n t r a t i o n b y less than 0.09 m g / l ( a s s u m i n g 
c o m p l e t e m i x i n g ) . 
2 . A m m o n i a - N l o a d s i n t h e n a n g e b e t w e e n t h o s e h i s t o r i c a l l y 
and p r e s e n t l y d i s c h a r g e d b y the G P S D a f f e c t I l l i n o i s R i v e r 
D O r e s o u r c e s v e r y l i t t l e . M a t h e m a t i c a l m o d e l i n g r e v e a l e d 
that a p p r o x i m a t e l y 1 3 1 , 0 0 0 l b s / d a y o f u l t i m a t e n i t r o g e n o u s 
B O D ( N B O D ) input b y the G P S D w o u l d c a u s e o n l y a 0 . 5 6 m g / l 
d r o p in the L a G r a n g e pool DO r e s o u r c e s d u r i n g low to 
i n t e r m e d i a t e river f l o w s . T h i s is e q u i v a l e n t to h a v i n g a 
G P S D e f f l u e n t d i s c h a r g e rate o f 6 0 m g d that c o n t a i n s 5 7 . 5 
m g / l of a m m o n i a - N . T h i s is a v e r y u n l i k e l y s c e n a r i o . 
P r e s e n t l y G P S D N B O D l o a d s r o u t i n e l y fall b e l o w 1 0 0 0 
lbs / day . 
3. A p e r m i s s i b l e i n c r e a s e in G P S D e f f l u e n t a m m o n i a - N 
c o n c e n t r a t i o n is l i m i t e d to a m a x i m u m v a l u e d i c t a t e d by 
t o x i c i t y and m i x i n g z o n e s t a n d a r d r e q u i r e m e n t s a s set 
f o r t h in the IPCB R u l e s and R e g u l a t i o n s . O n l y a 1.5 m g / l 
a m m o n i a - N c o n c e n t r a t i o n is p e r m i s s i b l e in the river d u r i n g 
c r i t i c a l p e r i o d s d i c t a t e d b y river t e m p e r a t u r e and p H 
c o n d i t i o n s . H i g h e r v a l u e s can fall w i t h i n a m i x i n g z o n e 
w h i c h m e e t s p r e s c r i b e d c r o s s - s e c t i o n a l a n d l o n g i t u d i n a l 
a r e a r e q u i r e m e n t s . 
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4 . T h e d v e i n j e c t i o n s t u d y p r o v i d e d e x c e l l e n t i n f o r m a t i o n b y 
w h i c h m i x i n g z o n e s c o u l d b e d e l i n e a t e d o v e r a w i d e r a n g e 
o f p h y s i c a l c o n d i t i o n s . R i v e r d y e c o n c e n t r a t i o n s w e r e 
p r e s e n t e d i n t e r m s o f p e r c e n t a g e s o f e f f l u e n t 
c o n c e n t r a t i o n s . I s o - d y e c o n t o u r p l o t s w e r e t h e n d e v e l o p e d 
a n d t h e e x t e n t s o f c e r t a i n p e r c e n t a g e c o n t o u r s w e r e u s e d 
t o f o r m u l a t e m i x i n g z o n e s a c c o r d i n g t o t h e I P C B 
s p e c i f i c a t i o n s , n a m e l y t h a t the m i x i n g z o n e i s n o t t o 
e x c e e d o v e r 2 5 p e r c e n t o f the c r o s s - s e c t i o n a l f l o w o r a r e a 
o r t h e a r e a l e x t e n t i s n o t t o e x c e e d t h e a r e a e q u i v a l e n t 
t o a 6 0 0 - f o o t - r a d i u s c i r c l e . S t e p w i s e r e g r e s s i o n 
t e c h n i q u e s w e r e u s e d t o d e v e l o p f o r m u l a t i o n s r e l a t i n g 
c e r t a i n p h y s i c a l f a c t o r s t o t r a n s v e r s e a n d l o n g i t u d i n a l 
p r o j e c t i o n d i s t a n c e s o f t h e 1 , 2 , 3 . 5 , 7 , 1 0 , 1 5 , a n d 2 0 
p e r c e n t c o n t o u r s . 
5 . T h e t r a n s v e r s e m i x i n g d i s t a n c e i s c o n s t r a i n e d b y the 2 5 
p e r c e n t f l o w / a r e a r e q u i r e m e n t . O n the b a s i s o f t h i s 
c o n s t r a i n t , t h e 1 5 p e r c e n t p r o j e c t i o n d i s t a n c e w a s 
s e l e c t e d a s b e i n g t h e m o s t m a n a g e a b l e l i m i t . 
C o n s e q u e n t l y , a 1 0 m g / l a m m o n i a - N c o n c e n t r a t i o n c o u l d b e 
a l l o w e d i n the e f f l u e n t . T h e 7 p e r c e n t t h r o u g h 2 0 p e r c e n t 
c o n t o u r t r a n s v e r s e a n d l o n g i t u d i n a l p r o j e c t i o n d i s t a n c e s 
w e r e f o u n d t o b e v a r i a b l e d e p e n d i n g u p o n r i v e r 
t e m p e r a t u r e s a n d e f f l u e n t d i s c h a r g e r a t e s . A s r i v e r 
t e m p e r a t u r e s c o o l i n r e l a t i o n t o e f f l u e n t t e m p e r a t u r e s a n d 
a s t h e e f f l u e n t d i s c h a r g e r a t e s i n c r e a s e , t h e t r a n s v e r s e 
p r o j e c t i o n d i s t a n c e s i n c r e a s e t o a p o i n t w h e r e o v e r 2 5 
p e r c e n t o f the c r o s s - s e c t i o n a l a r e a a n d / o r f l o w r a t e i s 
e x c e e d e d . A t a r i v e r t e m p e r a t u r e o f 1 5 C , t h e G P S D w o u l d 
be l i m i t e d to a d i s c h a r g e r a t e of 35 m g d . T h i s is 
m a n a g e a b l e s i n c e c u r r e n t d a i l y f l o w s r a n g e b e t w e e n o n l y 2 0 
a n d 2 5 m g d . T h e p e r m i s s i b l e e f f l u e n t c o n c e n t r a t i o n c o u l d 
b e r a i s e d t o 1 5 m g / l b y e x p a n d i n g t h e m i x i n g z o n e t o 
i n c l u d e a r e a s b o u n d e d b y t h e 1 0 p e r c e n t c o n t o u r . H o w e v e r , 
u n d e r t h e s e c i r c u m s t a n c e s , the G P S D w o u l d b e l i m i t e d t o 
e f f l u e n t d i s c h a r g e r a t e s i n the r a n g e o f 2 0 t o 2 5 m g d 
d u r i n g c o o l w e a t h e r c o n d i t i o n s . 
6 . T h e m i x i n g z o n e p r e d i c t i o n e q u a t i o n s that w e r e d e v e l o p e d 
a r e n o t a p p l i c a b l e t o c o n d i t i g n s w h e n t h e r i v e r w a t e r 
t e m p e r a t u r e d r o p s b e l o w 1 5 ° C . T h e e q u a t i o n s a r e 
s t a t i s t i c a l f o r m u l a t i o n s a n d p r o v i d e r e l i a b l e e s t i m a t e s 
o n l y w h e n u s e d w i t h i n p u t i n f o r m a t i o n w i t h i n t h e v a l u e 
l i m i t s o f t h e v a r i a b l e s for w h i c h t h e y w e r e d e r i v e d . A 
f a c t t h a t m u s t b e k e p t i n m i n d , h o w e v e r , i s t h a t t h e 
c o n s t r a i n t s i m p o s e d u p o n the m i x i n g z o n e d u r i n g l o w r i v e r 
t e m p e r a t u r e s a r e p a r t i a l l y o f f s e t b y the f a c t t h a t the 
I P C B a m m o n i a - N s t a n d a r d s b e c o m e m o r e l i b e r a l a t l o w e r 
t e m p e r a t u r e s . T h a t i s , h i g h e r a m m o n i a - N c o n c e n t r a t i o n s 
a r e t o l e r a t e d a s t h e r i v e r w a t e r t e m p e r a t u r e f a l l s . F o r 
i n s t a n c e , a t a p H o f 8.0 ( t h e n o r m a l r i v e r v a l u e ) , t h e 
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a l l o w a b l e a m m o n i a - N s t r e a m s t a n d a r d s a t 1 5 , 1 0 , and 5 ° C 
a r e , r e s p e c t i v e l y , 1.5, 2 . 1 , and 3.1 m g / l . T h i s m e a n s 
that if the a r e a w i t h i n the 15 p e r c e n t c o n t o u r l i m i t s 
c o n s t i t u t e d the m i x i n g z o n e , a n a m m o n i a - N c o n c e n t r a t i o n o f 
o v e r 20 m g / l c o u l d be d i s c h a r g e d in the e f f l u e n t w h e n the 
r i v e r t e m p e r a t u r e is 5°C or l e s s . At this p o i n t , t h o u g h , 
s u f f i c i e n t i n f o r m a t i o n i s not a v a i l a b l e t o d e f i n e m i x i n g 
z o n e l i m i t a t i o n s at r i v e r t e m p e r a t u r e s b e l o w 15 C. 
A d d i t i o n a l s t u d i e s a r e n e e d e d t o d o t h i s . 
7 . H i g h e r 5-day c a r b o n a c e o u s biochemical o x y g e n d e m a n d 
( C B O D 5 ) e f f l u e n t c o n c e n t r a t i o n s c o u l d b e d i s c h a r g e d than 
are p r e s e n t l y p e r m i t t e d e v e n in association with 
p o t e n t i a l l y l i b e r a l i z e d a m m o n i a - N requi r e m e n t s w i t h o u t 
s i g n i f i c a n t l y a f f e c t i n g L a G r a n g e pool D O r e s o u r c e s . 
M a t h e m a t i c a l m o d e l i n g s h o w e d t h a t a C B O D 5 c o n c e n t r a t i o n o f 
5 0 m g / l a n d a n a m m o n i a - N c o n c e n t r a t i o n o f 1 5 m g / l i n a n 
e f f l u e n t f l o w r a t e o f 5 5 m g d w o u l d l o w e r t h e D O o n l y a b o u t 
0.3 m g / l b e l o w t h e m i n i m u m o b s e r v e d i n t h e p o o l d u r i n g 
m o d e r a t e l y l o w f l o w c o n d i t i o n s . 
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Range Finder (used by boats 2, 3, & 4) 
- Manufacturer: Lietz 
- Model: 8026-15; Mfr. No. SD-5F 
- Type: Lens-displacing (split image) 
- Measurable Range: 29 to 1000 feet 
Accuracy: ± 1% up to 300 ft. 
± 2% 300 to 500 ft. 
± 5% 500 to 1000 ft. 
- Magnification: 4X 
- Viewing Angle: 6.5° 
Base Line Length: 19.7 in. 
- Total Length 23" 
- Weigh: 2.8 pounds 
- Range Scale: 
Distance (ft.) Increment (ft.) Interpolation (ft.) 
29-40 1 0.1 
40-80 2 0.2 
80-150 5 0.5 
150-200 10 1.0 
200-300 20 2.0 
300-500 50 5.0 
600,750,1000,00 
Range Finder (used by boat 1) 
- Manufacturer: Lietz 
- Model: 6630 Duo-Site Range, Height Finder 
- Type: Split Image 
- Measurable Range: 15 to 300 feet 
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Fluorescent Dye 
-  Supplier: Crompton & Knowles Corp. 
- Appearance: clear, very dark red aqueous solution 
- Commercial concentration: 20% of aqueous solution 
- Specific gravity: 1.15 at 20/20°C 
- Optimum excitation wavelength: about 556 run 
- Optimum analyzing wavelength: about 580 nm 
-  pH sensitivity: insigifnicant fluorescence change 
   between 5.5 and 11.0 
-  Shipping quantity: 250 pound drums 
Dye Injection Metering Pump 
- Manufacturer: Fluid Metering, inc. 
- Model: RP-B-1-CSY 
- Power: 12V, 4a D.C. 
- Type: reciprocating RR piston (1/4 in. dia.) positive 
displacement 
-  Strokes: 2800 per min. maximum 
-  Pressure: 70 psig 
-  Displacement: variable to a maximum 750 ml/min. 
- Weight: 8 lbs. 
-  Size: 11.3 in. x 3.4 in. 
-  Micrometer: 0.1% settings 
-  Calibration data 
Observed Flows (ml/min) 
at Positive Heads of 
Micrometer Rate Flow 8" 20" 40" 
Setting (ml/min) Old New Old New Old New 
0.1 75 122 54 126 60 132 54 
0.2 150 236 157 242 157 245 158 
0.3 225 354 254 360 252 364 250 
0.4 300 471 349 478 340 480 343 
0.5 375 579 444 595 427 599 429 
0.6 450 689 530 707 515 714 513 
0.7 525 706 590 747 599 795 598 
0.8 600 717 671 763 677 805 677 
0.9 675 743 741 787 750 822 750 
1.0 750 759 820 790 829 842 831 
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Sampling Pump 
- Manufacturer: Proven Pumps Corp. 
- Model: 365 
- Type: Self Priming (up to 7 ft. of lift) to volute 
- Power: 12 - volts D.C. 
-  Ports: Dual threaded - 3/4 in. external garden hose 
   thread - 3/8 in. NPT internal thread - both 
   suction and discharge 
- Size: Length = 6 1/8 in., Width - 3 3/8 in., 
Height = 2 3/4 in. 
-  Impeller: rubber 
-  Pumping rates in gph: 
Total Head (ft.)  
1 5 10 15 20 30 40 
300 258 240 222 202 150 90 
Trolling Motors 
- Manufacturer: Minn Kota 
- Model: 65C (4 units), 95W (1 unit) 
- Power: 12 Volt D.C. 
-  Controls: 5 - speed twist grip, forward - reverse switch 
- Shaft length: 65C - 30 in., 95W - 36 in. 
-  Power Specifications for 65C: 
Speed Setting Thrust (lbs.) Amp Draw 
1 5 8 
2 10 11 
3 15 14 
4 20 20 
5 26 25 
- Power Specification for 95W: Maximum 36 pounds of thrust 
at setting 5. 
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River Water Quality Results 
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RIVER MILE 160.95 
150 Feet From RBLDS 
Depth Temperature (°C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.0 26.5 29.5 26.0 29.0 27.0 26.0 25.0 27.5 23.0 24.0 16.5 16.5 19.5 21.0 13.5 
2 27.0 26.5 29.5 26.0 29.0 27.0 26.0 25.0 27.5 23.0 24.0 16.5 16.5 19.5 21.0 13.5 
3 27.0 26.5 29.5 26.0 29.0 27.0 26.0 25.0 28.0 23.0 24.0 16.0 16.5 19.5 21.0 13.5 
6 27.0 26.5 30.0 26.0 29.0 27.0 26.0 25.0 
pH 
28.0 23.0 24.0 16.0 16.5 20.0 21.0 13.5 
0 8.35 8.80 8.55 8.50 8.20 8.30 8.05 8.35 8.20 8.25 8.10 8.40 8.20 8.05 8.00 7.95 
2 8.30 8.75 8.50 8.50 8.10 8.20 8.00 8.20 8.18 8.25 8.10 8.40 8.20 8.05 8.00 7.95 
3 8.30 8.75 8.50 8.50 8.10 8.20 8.00 8.20 8.16 8.20 8.10 8.40 8.15 8.00 8.00 8.00 
6 8.30 8.75 8.50 8.50 8.10 8.20 8.00 8.15 8.08 8.20 8.05 8.35 8.15 8.05 8.00 7.95 
Ammonia Nitrogen, NH3-N (m g/1) 
0 0.32 0.10 0.23 0.04 0.20 0.38 0.33 0.22 0.13 0.10 0.40 0.21 0.29 0.20 0.18 0.24 
2 0.19 0.07 0.29 0.06 0.18 0.23 0.28 0.22 0.28 0.24 0.44 0.15 0.20 0.18 0.15 0.37 
3 0.13 0.11 0.25 0.06 0.20 0.24 0.39 0.15 0.26 0.16 0.45 0.11 0.25 0.18 0.26 0.30 
6 0.11 0.04 0.24 0.05 0.21 0.47 0.34 0.15 0.32 0.15 0.47 0.22 0.28 0.17 0.19 0.33 
Turbidity (NTUs) 
0 _ _ 38 55 38 52 59 57 51 72 60 68 62 66 49 58 
2 - - - - - - 69 82 54 90 75 76 61 85 59 70 
3 - - - - - - 60 78 55 88 82 79 64 72 55 72 
6 - - - - - - 94 87 63 110 108 84 54 71 86 87 
RIVER MILE 160.95 
550 Feet From Right Bank Looking Downstream (RBLDS) 
Depth Temperature ( ° C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.0 26.0 31.0 26.0 29.5 26.5 25.5 25.0 27.2 23.0 24.5 16.0 16.5 19.5 20.0 13.0 
3 27.0 26.0 30.5 26.0 29.0 26.5 25.5 24.5 27.5 22.5 24.0 16.0 16.5 19.5 20.0 13.0 
9 27.0 26.0 31.0 26.5 29.0 26.5 25.5 24.5 27.5 22.5 24.0 16.0 16.0 19.5 20.0 13.0 
18 27.0 26.0 31.0 26.0 29.0 27.0 25.5 24.5 27.5 
pH 
23.0 24.5 16.0 16.5 19.5 20.0 13.0 
0 8.30 8.85 8.55 8.60 8.20 8.35 8.10 8.40 8.20 8.25 8.10 8.45 8.25 8.00 8.00 8.00 
3 8.30 8.85 8.50 8.50 8.20 8.30 8.10 8.30 8.18 8.25 8.10 8.40 8.20 8.05 8.00 8.00 
9 8.30 8.85 8.50 8.50 8.10 8.30 8.05 8.25 8.09 8.20 8.10 8.35 8.15 8.05 8.05 8.00 
18 8.30 8.85 8.50 8.50 8.10 8.30 8.00 8.25 8.05 8.20 8.10 8.35 8.15 8.05 8.05 8.00 
Ammonia Nitrogen, NH3 -N (mg/l) 
0 0.10 0.06 0.19 0.01 0.22 0.31 0.24 0.15 0.32 0.13 0.47 0.21 0.35 0.18 0.24 0.28 
3 0.10 0.04 0.20 0.08 0.24 0.17 0.30 0.18 0.39 0.25 0.43 0.16 0.27 0.20 0.22 0.38 
9 0.15 0.07 0.21 0.08 0.19 0.24 0.16 0.15 0.15 0.27 0.43 0.20 0.23 0.17 0.15 0.18 
18 0.24 0.09 0.22 0.06 0.20 0.26 0.25 0.07 0.28 0.31 0.46 0.19 0.28 0.21 0.16 0.19 
Nitrate Nitrogen, NO3 -N (mg/l) 
9 - - 1.15 1.50 1.91 1.65 1.61 1.51 1.64 1.48 2.59 - 3.16 2.75 2.92 3.0 
Total Kjeldahl Nitrog en (mg/l) 
9 - - 2.26 1.70 1.62 1.60 1.54 2.00 1.67 1.68 1.43 2.31 1.06 1.03 1.29 1.18 
Turbidity (NTUs) 
0 - - - - - - 54 52 48 58 67 69 55 82 65 46 
3 - - - - - - 59 58 50 68 77 77 76 83 66 55 
9 - - 58 68 - - 65 71 79 84 91 79 68 79 70 66 
18 - - - - - - 98 89 76 97 83 84 84 79 79 71 
RIVER MILE 160.01 
100 Feet From RBLDS 
Depth Temperature (°C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.0 26.0 32.5 26.0 29.0 27.0 26.0 25.0 27.0 23.0 24.0 15.5 16.5 20.0 21.0 14.5 3 27.0 26.0 32.0 26.0 29.0 27.0 26.0 25.0 27.0 23.0 24.0 16.0 17.0 20.0 21.0 13.5 5 27.0 26.0 32.0 26.0 29.0 27.0 26.0 25.0 27.0 23.0 24.0 16.0 17.0 20.0 21.0 13.5 9 27.0 26.0 32.0 26.0 29.0 27.0 26.0 25.0 
pH 
27.5 23.5 24.0 16.0 17.0 19.5 21.0 13.5 
0 8.30 8.80 8.60 8.55 8.00 8.30 8.10 8.30 8.13 8.30 7.95 8.30 8.00 7.55 7.75 8.00 3 8.30 8.75 8.55 8.50 8.00 8.30 8.05 8.20 8.10 8.25 7.90 8.25 8.10 7.55 7.85 8.00 
5 8.30 8.70 8.55 8.45 8.10 8.25 8.00 8.15 8.07 8.20 7.90 8.20 8.10 7.60 7.75 8.00 
9 8.30 8.70 8.50 8.40 8.10 8.20 8.00 8.10 8.00 8.10 7.85 8.20 8.10 7.80 7.75 8.00 
Ammonia Nitrogen, NH3-N (mg/l) 
0 0.10 0.12 0.23 0.09 0.25 0.26 0.25 0.21 0.39 0.32 0.44 0.23 0.32 1.18 2.99 0.95 
3 0.15 0.09 0.18 0.09 0.24 0.29 0.23 0.14 0.34 0.25 0.58 0.31 0.32 1.07 1.52 0.42 
5 0.18 0.16 0.26 0.12 0.23 0.33 0.25 0.30 0.38 0.33 0.53 C.24 0.30 1.02 3.23 0.33 
9 0.19 0.18 0.20 0.14 0.28 0.21 0.28 0.36 0.38 0.31 0.51 0.31 0.30 0.57 2.97 0.41 
Nitrate Nitrogen NO -N (mg/l) 
5 - - 1.24 1.85 1.79 1.68 1.84 1.66 1.69 1.64 3.04 - 3.12 2.32 2.82 3.15 
Total Kjeldahl Nitrogen (mg/l) 
S - - 2.10 1.67 1.88 1.63 1.69 1.58 1.76 1.88 1.53 2.46 1.33 2.23 4.31 1.34 
Turbidity (NTUs) 
0 - - - - 38 38 47 50 51 76 56 68 46 59 40 46 
3 - - - - - - 57 70 49 92 66 67 63 65 54 73 
5 - - 50 50 - - 57 107 54 112 63 66 59 69 43 80 
9 - - - - - - 57 149 56 93 64 74 81 101 59 88 
RIVER MILE 160 .01 
400 F e e t From RBLDS 
Depth Temperature (°C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.5 26.5 32.5 26.0 29.0 27.0 25.5 25.0 27.0 23.0 24.0 16.0 16.5 19.0 20.5 13.0 
3 27.0 26.5 31.5 26.0 28.5 27.0 25.5 25.0 27.0 23.0 24.0 16.5 16.5 19.5 21.0 13.0 
8 27.0 26.0 31.5 25.5 28.5 27.0 25.5 24.5 27.0 23.0 24.0 16.0 16.5 19.5 20.5 13.0 
15 27.0 26.5 32.5 26.0 29.0 27.0 25.5 24.5 27.0 23.5 24.0 16.0 16.5 19.5 20.0 13.0 
0 8.30 8.80 8.60 8.55 8.20 8.30 8.10 8.40 8.10 8.25 8.15 8.40 8.10 8.05 7.95 8.00 
3 8.30 8.80 8.55 8.50 8.20 8.30 8.05 8.30 8.08 8.25 8.10 8.45 8.15 8.05 8.00 8.00 
8 8.30 8.80 8.55 8.45 8.20 8.30 8.00 8.25 8.05 8.20 8.05 8.40 8.15 8.05 8.05 8.00 
15 8.30 8.80 8.55 8.45 8.10 8.30 8.00 8.20 7.95 8.20 8.05 8.40 8.15 8.05 8.05 8.00 
Ammonia Nitrogen, NH3-N (mg/l) 
0 0.22 0.11 0.08 0.09 0.28 0.19 0.32 0.12 0.33 0.32 0.37 0.18 0.34 0.18 0.22 0.28 
3 0.25 0.13 0.14 0.14 0.26 0.16 0.40 0.08 0.35 0.30 0.45 0.22 0.29 0.19 0.21 0.28 
8 0.23 0.09 0.19 0.13 0.27 0.25 0.35 0.09 0.37 0.29 0.48 0.19 0.28 0.21 0.20 0.28 
15 0.22 0.10 0.21 0.11 0.24 0.23 0.44 0.23 0.49 0.30 0.46 0.34 0.27 0.20 0.14 0.31 
Nitrate Nitrogen, NO3-N (mg/l) 
8 - - 1.16 1.56 1.80 2.16 1.66 1.86 1.69 1.46 2.62 - 3.24 2.72 2.96 3.18 
Total Kjeldahl Nitrogen (mg/l) 
8 - - 1.42 1.45 1.87 1.73 1.56 1.57 1.90 1.76 1.48 2.37 1.24 1.10 0.95 0.78 
Turbidity (NTUs) 
0 - - - - - - 47 54 55 88 62 61 55 82 52 52 
3 - - - - - - 55 58 75 116 72 77 56 92 57 57 
8 - - 54 62 - - 65 60 78 106 84 80 60 88 59 66 
15 - - - - - - 93 73 100 98 115 82 64 86 61 79 
pH 
RIVER MILE 158.01 
100 Feet From RBLDS 
Depth Temperature <°C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.0 26.5 29.5 26.0 28.5 27.5 26.0 25.5 27.2 23.5 24.0 16.0 16.5 19.5 20.0 13.0 
3 27.0 26.5 29.5 26.0 28.0 27.5 26.0 25.5 27.5 23.0 23.5 16.5 17.0 19.5 20.5 13.0 
6 27.0 26.5 29.5 26.5 28.5 27.5 26.0 25.5 27.5 23.0 23.5 16.5 17.0 19.5 20.5 13.0 
12 27.0 26.5 30.0 26.5 28.5 27.0 26.0 25.0 
pH 
27.5 23.0 23.5 16.0 17.0 19.5 20.0 13.0 
0 8.35 8.75 8.50 8.45 8.00 8.40 8.10 8.10 8.15 8.10 8.15 8.40 8.10 8.05 8.00 8.05 
3 8.30 8.65 8.45 8.45 8.00 8.30 8.05 8.05 8.05 8.10 8.10 8.45 8.10 8.05 8.00 8.05 
6 8.30 8.70 8.45 8.45 8.00 8.30 8.00 8.05 8.00 8.10 8.10 8.40 8.10 8.05 8.00 8.00 
12 8.30 8.70 8.45 8.40 8.00 8.30 8.00 8.00 7.87 8.10 8.05 8.40 8.05 8.05 7.95 8.00 
Ammonia Nitrogen, NH3-N ( mg/l) 
0 0.32 0.11 0.23 0.11 0.28 0.12 0.37 0.27 0.30 0.29 0.49 0.21 0.40 0.16 0.20 0.24 
3 0.19 0.09 0.29 0.09 0.28 0.24 0.28 0.26 0.29 0.29 0.43 0.17 0.35 0.20 0.20 0.36 
6 0.13 0.15 0.14 0.12 0.23 0.21 0.28 0.19 0.28 0.27 0.43 0.26 0.30 0.20 0.26 0.30 
12 0.11 0.12 0.26 0.16 0.27 0.26 0.30 0.23 0.38 0.25 0.57 0.28 0.40 0.31 0.30 0.35 
Turbidity (NTUs) 
0 - - - - - - 47 43 42 58 52 69 102 63 45 60 
3 - - - - - - 58 53 180 77 61 102 117 85 52 67 
6 - - - - - - 68 58 76 72 73 109 138 80 57 67 
12 - - - - - - 95 71 78 112 82 240 137 80 75 118 
RIVER MILE 158.01 
400 Feet From RBLDS 
Depth Temperature <°C) 
(ft.) 7/11 7/18 7/24 7/30 8/06 8/13 8/20 8/23 8/30 9/04 9/13 9/27 10/04 10/11 10/15 10/25 
0 27.0 26.0 29.5 26.5 28.5 27.5 26.5 25.0 27.5 23.5 24.0 16.0 17.0 19.5 20.0 13.0 
3 27.0 26.5 29.5 25.5 28.5 27.5 26.0 25.0 27.2 23.0 23.5 16.0 16.5 19.5 20.5 13.0 
9.5 27.0 26.5 29.5 25.5 28.5 27.0 26.0 25.0 27.2 23.0 23.5 16.0 16.5 19.5 20.0 13.0 
18 27.0 26.5 30.0 25.5 28.5 27.0 26.0 25.0 
pH 
27.2 23.0 24.0 16.0 16.5 19.5 20.0 13.0 
0 8.30 8.80 8.55 8.50 8.00 8.40 8.15 8.20 8.10 8.25 8.15 8.50 8.20 8.05 7.95 8.00 
3 8.30 8.75 8.55 8.45 8.00 8.30 8.05 8.10 8.07 8.20 8.10 8.40 8.15 8.10 8.00 8.05 
9.5 8.30 8.75 8.50 8.40 8.00 8.30 8.00 8.10 8.05 8.20 8.10 8.40 8.10 8.10 8.00 8.05 
18 8.30 8.70 8.50 8.40 8.00 8.30 8.00 8.05 8.00 8.15 8.05 8.35 8.10 8.05 7.95 8.05 
Ammonia Nitrogen, NH3-N (m g/l) 
0 0.10 0.10 0.20 0.12 0.29 0.29 0.21 0.16 0.32 0.30 0.46 0.28 0.39 0.27 0.29 0.42 
3 0.15 0.11 0.25 0.13 0.28 0.30 0.39 0.24 0.20 0.28 0.48 0.22 0.38 0.31 0.30 0.32 
9.5 0.27 0.14 0.31 0.18 0.31 0.28 0.33 0.27 0.28 0.27 0.52 0.20 0.30 0.32 0.35 0.37 
18 0.11 0.10 0.21 0.15 0.30 0.27 0.28 0.26 0.28 0.21 0.44 0.20 0.32 0.27 0.23 0.33 
Dissolved Oxygen (mg/l) 
0 - - 7.10 9.80 5.30 6.00 5.40 6.70 5.60 5.90 7.40 8.40 8.40 7.40 7.15 9.50 
3 - - 6.50 8.90 5.10 5.40 5.40 6.35 5.10 5.20 6.80 8.40 8.40 7.45 7.10 9.50 
9.5 - - 6.25 8.50 4.80 5.20 5.20 5.70 4.60 5.10 6.65 8.40 8.55 7.50 7.00 9.45 
18 - - 6.15 8.30 4.70 5.00 5.10 5.50 4.50 5.10 6.60 8.30 9.60 7.50 7.00 9.50 
Turbidity (NTUs) 
0 - - 32 38 10 33 44 45 50 54 53 54 50 59 45 45 
3 - - - - - - 53 51 54 63 59 69 57 67 50 57 
  9.5 - - - - - - 62 64 73 80 69 76 57 71 58 67 
18 - - - - - - 102 111 82 94 83 114 62 79 60 76 
Appendix D 
Illinois State Water Survey 1978 through 1983 Biweekly Ammonia-N, 
River Temperature, and pH Data Plus GPSD Ammonia-N Data For 
Corresponding Dates 
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Summary of River and Greater Peoria Sanitary 
District (GPSD) 1978 Ammonia-Nitrogen Conditions 
IEPA NH3-N 












Temp to river 
Date PH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/3/78 8.2 1.4 1.18 2.5 11,200 71,366 1993 0.033 
1/9 8.2 -1.0 1.27 2.5 9,330 63,985 1796 0.036 
1/16 8.0 0.1 1.65 3.1 6,950 61,924 2156 0.058 
1/23 7.7 0.0 1.54 7.0 7,300 60,707 2459 0.063 
1/30 8.1 0.0 2.94 2.8 6,100 96,844 2709 0.082 
2/6 8.3 1.0 1.98 2.1 5,620 60,089 2706 0.089 
2/13 7.82 1.0 1.57 5.7 5,450 46,205 2279 0.078 
2/20 7.65 -1.0 4.14 7.0 6,000 134,136 2083 0.064 
2/27 7.57 2.5 3.67 8.3 6,210 123,070 2508 0.075 
3/6 8.08 0.0 2.65 2.8 7,115 101,816 1581 0.041 
3/13 8.35 1.8 3.28 1.8 8,210 145,416 2918 0.066 
3/20 7.98 2.3 1.50 3.1 24,540 198,774 1979 0.015 
3/27 8.26 3.8 0.89 2.1 31,937 153,489 2433 0.014 
4/3 8.11 9.0 0.48 2.1 32,110 83,229 1129 0.007 
4/11 8.33 11.8 0.18 1.7 42,300 41,116 2458 0.011 
4/17 8.27 12.2 0.17 1.7 37,720 34,626 2228 0.011 
4/24 8.15 12.5 0.34 1.6 29,370 53,923 2658 0.017 
5/1 8.63 13.5 0.15 1.5 19,410 15,722 2256 0.022 
5/8 8.42 11.0 0.22 1.6 17,800 21,146 3938 0.041 
5/15 8.35 13.2 0.29 1.5 37,200 58,255 2261 0.011 
5/22 8.04 17.3 0.26 1.5 33,370 46,851 1258 0.007 
5/29 7.86 23.3 0.20 1.7 23,450 25,326 1509 0.012 
6/5 8.38 22.9 0.29 1.5 18,200 28,501 2041 0.021 
6/12 8.25 24.2 0.31 1.5 11,000 18,414 2294 0.039 
6/19 8.34 24.2 0.13 1.5 7,750 5,440 2363 0.057 
6/26 8.26 25.6 0.24 1.5 11,200 14,515 1941 0.032 
7/3 8.45 26.3 0.13 1.5 27,330 19,186 2172 0.015 
7/10 8.20 26.6 0.08 1.5 29;880 12,908 885 0.006 
7/17 8.10 28.3 0.09 1.5 23,900 11,615 1536 0.012 
7/24 8.02 26.5 0.15 1.5 11,930 9,663 1589 0.025 
7/31 8.15 24.2 0.09 1.5 12,860 6,250 2020 0.029 
8/7 8.20 26.3 0.09 1.5 9,150 4,447 1464 0.030 
8/14 8.22 28.2 0.13 1.5 7,940 5,574 2678 0.063 
8/21 8.25 26.2 0.15 1.5 8,290 6,715 1171 0.026 
8/28 8.23 25.8 0.12 1.5 9,285 6,017 1833 0.037 
9/5 9.07 26.0 0.01 1.5 8,080 436 2028 0.047 
9/11 8.62 27.3 0.18 1.5 5,820 5,657 1836 0.059 
9/18 8.18 26.6 0.14 1.5 16,485 12,463 1387 0.016 
9/25 7.97 22.4 0.28 1.5 17,290 26,143 2224 0.024 
10/2 8.27 19.5 0.14 1.5 8,690 6,570 2630 0.056 
10/9 8.16 14.0 0.28 1.6 6,990 10,569 2054 0.055 
10/16 8.29 13.0 0.26 1.6 4,290 6,023 1896 0.082 
10/23 8.18 14.7 0.25 1.5 5,265 7,108 2022 0.071 
10/30 8.44 12.5 0.12 1.5 6,390 4,141 1792 0.052 
11/6 8.49 14.4 0.29 1.5 6,160 9,647 2996 0.090 
11/13 8.26 11.8 0.53 1.7 4,635 13,265 2225 0.089 
11/20 8.26 6.9 0.81 2.0 7,230 31,624 2520 0.065 
11/27 8.20 4.0 1.16 2.5 8,565 53,651 2453 0.053 
12/4 8.23 1.5 1.87 2.5 8,800 88,862 1889 0.040 
12/11 8.15 0.8 2.33 2.5 7,310 91,974 1928 0.049 
12/18 8.08 1.0 2.54 2.8 9,090 124,678 2225 0.045 
12/26 8.20 0.1 1.54 2.5 8,920 74,178 2797 0.058 
156 
Summary of River and Greater Peoria Sanitary 
District (GPSD) 1979 Ammonia-Nitrogen Conditions 
IEPA NH3-N 












Temp to river 
Date PH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/2/79 8.17 0.2 1.62 2.5 9,950 87,043 
1/8 8.01 0.0 3.03 3.1 9,180 150,203 2313 0.047 1/16 7.50 0.1 2.61 9.6 6,880 96,967 1606 0.043 1/22 7.80 0.2 2.17 5.7 6,780 73,448 1664 0.046 1/29 7.79 0.1 2.54 5.7 6,480 88,880 1677 0.048 2/5 7.84 0.1 3.16 5.7 6,580 112,281 408 0.012 
2/12 7.97 0.1 2.65 3.1 6,480 92,729 2025 0.058 
2/19 7.97 0.1 3.38 3.1 5,780 105,497 1534 0.049 
2/26 7.85 0.2 3.39 4.4 9,920 181,595 1401 0.026 
3/5 8.04 0.3 4.09 3.1 13,100 289,326 664 0.009 
3/12 7.65 0.5 0.68 7.0 66,450 244,004 1601 0.005 
3/19 7.84 3.5 0.47 5.7 54,350 137,940 180 0.001 
3/26 7.71 5.2 0.52 7.0 70,100 196,841 2117 0.006 
4/2 7.97 6.2 0.48 2.9 66,500 172,368 1735 0.005 
4/9 7.89 6.8 0.62 3.8 53,650 179,620 1604 0.006 
4/16 8.14 9.1 0.67 2.1 59,530 215,380 1761 0.006 
4/23 7.95 13.8 0.43 1.6 42,835 99,463 1091 0.005 
4/30 8.07 13.1 0.53 1.7 49,100 140,524 1567 0.006 
5/7 8.15 14.0 0.31 1.6 49,840 83,342 1092 0.004 
5/14 7.98 18.8 0.19 1.5 38,470 39,470 1865 0.009 
5/21 8.06 20.3 0.35 1.5 27,115 53,137 1511 0.010 
5/29 7.98 19.5 0.22 1.5 16,850 20,018 1695 0.019 
6/4 8.07 22.9 0.34 1.5 11,810 21,683 911 0.014 
6/11 8.02 22.6 0.49 1.5 16,070 42,521 1244 0.014 
6/18 7.96 25.0 0.17 1.5 13,835 12,700 1907 0.026 
6/25 8.04 22.0 0.18 1.5 9,900 9,623 1954 0.037 
7/2 8.30 25.0 0.10 1.5 11,710 6,323 2374 0.038 
7/9 7.95 24.5 0.46 1.5 13,900 34,528 1537 0.021 
7/16 7.98 27.5 0.13 1.5 9,700 6,809 1753 0.034 
7/23 8.11 28.0 0.20 1.5 7,620 8,230 2815 0.069 
7/30 8.10 28.5 0.15 1.5 8,770 7,104 2706 0.057 
8/6 8.11 29.0 0.20 1.5 11,980 12,938 1969 0.031 
8/13 8.11 24.0 0.43 1.5 12,920 30,000 2199 0.032 
8/20 8.15 25.5 0.10 1.5 18,985 10,252 3115 0.030 
8/27 7.88 24.0 0.26 1.7 24,900 34,960 2265 0.017 
9/4 8.02 26.5 0.43 1.5 18,740 43,514 4343 0.043 
9/10 8.22 22.0 0.24 1.5 9,465 12,267 3681 0.072 
9/17 8.28 19.5 0.17 1.5 6,175 5,669 2856 0.086 
9/24 8.46 18.0 0.11 1.5 7,380 4,384 2446 0.062 
10/1 8.38 21.0 0.27 1.5 7,050 10,279 332 0.009 
10/8 8.15 13.9 0.30 1.5 6,910 11,194 2656 0.071 
10/15 8.28 11.0 0.24 1.7 6,350 8,230 2088 0.061 
10/22 8.23 20.0 0.22 1.5 6,515 7,740 2859 0.081 
10/29 8.23 10.4 0.51 1.9 6,905 19,016 1777 0.048 
11/5 8.21 9.0 - 2.0 6,550 - 1451 -
11/12 8.44 4.5 0.68 1.8 6,485 23,813 2073 0.059 
11/19 8.77 7.5 0.18 1.5 6,525 6,342 2155 0.061 
11/26 8.31 6.5 0.67 2.0 7,810 28,257 886 0.021 
12/3 8.18 0.0 2.20 2.5 9,345 111,019 2061 0.041 
12/10 8.24 2.0 0.92 2.5 9,370 46,550 877 0.017 
12/17 8.22 -0.3 1.45 2.5 8,325 65,185 1288 0.029 
12/24 8.16 3.0 1.22 2.5 10,010 65,946 1091 0.020 
12/31 8.00 4.0 1.68 3.1 23,835 216,231 2093 0.016 
157 
--
Summary of River and Greater Peoria Sanitary 
District (GPSD) 1980 Ammonia-Nitrogen Conditions 
IEPA NH3-N 
standard River River GPSD GPSD 
Values for given River NH3-N 
loads 
NH3-N Contribution Temp NH3-N pH & temp flow loads to river 
Date pH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/7/80 8.15 0.0 0.93 2.5 14,965 75,154 984 0.012 1/14 8.08 0.5 0.81 2.8 9,255 40,487 1750 0.035 1/21 8.17 1.0 1.35 2.5 8,760 63,860 1227 0.026 1/28 8.19 0.0 1.54 2.5 7,775 64,657 1756 0.042 2/4 8.08 0.0 1.92 2.8 6,285 65,163 2208 0.065 2/11 8.05 0.5 1.88 2.8 5,930 60,201 1794 0.056 2/18 7.94 0.5 2.86 4.4 5,780 89,421 1936 0.062 2/25 8.05 0.0 2.31 2.8 17,060 212,806 2040 0.022 3/3 7.98 0.0 1.95 3.1 11,960 125,939 2430 0.038 3/10 8.32 1.4 1.91 2.1 12,220 126,037 2586 0.039 3/17 8.03 5.0 1.25 3.1 21,770 146,947 2118 0.018 3/24 8.04 6.0 1.10 2.9 28,020 166,439 2943 0.020 3/31 8.13 6.0 0.72 2.6 23,280 90,513 2025 0.016 
4/7 8.15 10.5 0.92 1.8 23,750 117,990 1680 0.013 
4/14 8.19 7.5 0.93 2.1 29,635 148,827 2412 0.015 
4/21 8.40 13.0 0.20 1.5 29,610 31,979 2060 0.013 
4/28 8.31 14.5 0.32 1.5 22,215 38,388 1663 0.014 
5/5 8.20 19.0 0.21 1.5 20,930 23,735 1791 0.016 
5/12 8.14 17.0 0.41 1.5 7,830 17,336 1078 0.026 
5/19 8.09 17.5 0.49 1.5 18,700 49,480 225 0.002 
5/27 8.18 23.0 0.48 1.5 13,680 35,459 526 0.007 
6/2 8.23 24.0 0.30 1.5 9,000 14,580 105 0.002 
6/9 8.03 22.5 0.46 1.5 46,430 115,332 187 0.001 
6/16 7.96 21.5 0.36 1.5 35,330 68,682 376 0.002 
6/23 8.18 24.0 0.15 1.5 22,430 18,168 1102 0.009 
6/30 7.81 26.0 0.35 1.7 15,180 28,690 1356 0.017 
7/7 7.93 28.0 0.29 1.5 8,315 13,021 576 0.013 
7/14 8.01 30.5 0.07 1.5 9,465 3,578 751 0.015 
7/21 7.88 29.5 0.24 1.5 7,590 9,837 622 0.015 
7/28 7.97 25.0 0.28 1.5 7,505 11,348 1008 0.025 
8/4 7.76 27.0 0.08 1.6 7,410 3,201 2410 0.060 
8/11 8.08 28.5 0.28 1.5 9,365 12,643 939 0.019 
8/18 8.00 24.5 0.20 1.5 12,800 13,824 414 0.006 
8/25 7.88 27.0 0.10 1.6 11,480 6,199 840 0.014 
9/2 7.94 25.0 0.13 1.6 19,625 13,777 543 0.005 
9/8 7.67 25.5 0.10 1.8 18,370 9,920 483 0.005 
9/15 7.99 22.0 0.15 1.5 20,980 16,934 685 0.006 
9/22 8.30 22.5 0.12 1.5 24,110 15,623 806 0.006 
9/29 8.11 19.0 0.12 1.5 18,760 12,156 443 0.004 
10/6 8.16 14.0 0.07 1.6 6,757 3,554 213 0.006 
10/13 8.69 12.5 0.06 1.5 7,374 2,389 423 0.011 
10/20 8.61 13.0 0.07 1.5 12,369 4,675 325 0.005 
10/27 8.20 7.9 0.17 2.1 8,680 7,968 373 0.008 
11/3 8.42 9.0 0.09 1.7 6,720 3,266 17 0.001 
11/10 8.60 10.5 0.06 1.5 6,018 1,950 606 0.019 
11/17 8.29 6.0 0.11 2.1 6,238 3,705 395 0.012 
11/24 8.62 5.0 0.22 1.5 9,913 11,777 372 0.007 
12/1 8.38 4.0 0.96 1.8 6,630 34,370 182 0.005 
12/8 8.19 7.5 1.01 2.3 9,336 50,370 680 0.014 
12/15 7.84 3.5 0.77 5.7 19,600 81,497 567 0.005 
12/22 7.98 0.0 0.38 3.1 7,138 14,647 438 0.011 
12/29 7.90 0.1 0.56 4.4 6,750 20,412 176 0.005 
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Temp to river 
Date pH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/5/81 7.78 0.0 0.95 5.7 6,830 35,038 181 0.005 
1/12 7.90 0.0 1.20 4.4 5,435 35,219 556 0.019 
1/19 7.98 0.0 1.52 3.1 4,940 40,549 380 0.014 
1/26 7.68 0.5 1.96 7.0 6.320 66,891 141 0.004 
2/2 8.03 0.0 1.14 3.1 5,060 31,149 388 0.014 
2/9 7.91 0.0 1.30 4.4 4,470 31,379 498 0.021 
2/16 8.03 0.5 2.07 3.1 4,850 54,213 1127 0.043 
2/23 8.00 5.0 1.74 3.1 19,800 186,041 1122 0.011 
3/2 7.91 5.0 0.95 4.4 22,115 113,450 1217 0.010 
3/9 8.01 5.5 0.81 2.9 17,490 76,501 628 0.007 
3/16 8.23 7.5 0.38 2.1 8,627 17,703 854 0.018 
3/23 8.73 7.0 0.06 1.5 6,560 2,125 561 0.016 
3/30 8.53 13.0 0.14 1.5 5,860 4,430 1028 0.033 
4/6 8.18 11.0 0.61 1.8 7,680 25,297 402 0.010 
4/13 8.18 16.0 1.05 1.5 18,380 104,215 608 0.006 
4/20 7.95 14.5 0.56 1.5 39,010 117,966 873 0.004 
4/27 8.04 15.0 0.26 1.5 32,210 45,223 722 0.004 
5/4 8.07 16.0 0.27 1.5 34,400 50,155 1048 0.006 
5/11 8.15 12.0 0.14 1.7 25,260 19,096 574 0.004 
5/18 8.07 13.0 0.32 1.7 49,620 85,743 879 0.003 
5/26 8.12 18.0 0.17 1.5 33,793 31,022 1262 0.007 
6/1 8.1 22.0 0.28 1.5 30,040 45,420 670 0.004 
6/8 8.07 25.0 0.19 1.5 17,900 18,365 320 0.003 
6/15 8.32 25.5 0.16 1.5 29,893 25,827 329 0.002 
6/22 7.85 23.5 0.34 1.7 32,840 60,294 650 0.004 
6/29 7.98 25.0 0.15 1.5 37,400 30,294 315 0.002 
7/6 7.88 25.5 0.10 1.6 22,880 12,355 2059 0.017 
7/13 8.15 29.0 0.10 1.5 14,100 7,614 1544 0.020 
7/20 7.95 27.5 0.30 1.5 13,290 10,047 515 0.007 
7/27 7.97 25.0 0.15 1.5 14,610 11,834 1320 0.017 
8/3 7.90 24.5 0.09 1.6 19,230 9,346 880 0.009 
8/10 7.98 25.5 0.12 1.5 19,640 12,727 322 0.003 
8/17 8.08 24.0 0.08 1.5 26,430 11,418 539 0.004 
8/24 7.98 25.0 0.08 1.5 19,782 8,546 405 0.004 
8/31 8.05 26.0 0.17 1.5 19,360 17,772 585 0.006 
9/8 7.95 22.5 0.09 1.5 19,770 9,608 748 0.007 
9/14 8.11 25.5 0.09 1.5 15,148 7,362 1151 0.014 
9/21 8.08 19.5 0.07 1.5 8,792 3,304 1193 0.025 
9/28 8.18 18.0 0.08 1.5 9,047 3,908 325 0.007 
10/5 8.14 16.5 0.18 1.5 15,400 14,969 865 0.010 
10/12 8.23 15.5 0.06 1.5 13,954 4,521 295 0.004 
10/19 8.27 11.5 0.09 1.7 10,356 5,033 1235 0.022 
10/26 8.30 12.5 0.33 1.6 11,328 20,186 143 0.002 
11/2 8.47 13.5 0.08 1.5 9,503 4,105 243 0.005 
11/9 8.29 11.0 0.14 1.7 9,446 7,141 399 0.008 
11/16 8.44 10.0 0.14 1.5 7,369 5,571 380 0.010 
11/23 8.38 4.0 0.21 1.8 9,561 10,842 427 0.008 
11/30 8.23 4.5 0.96 2.5 16,205 84,006 444 0.005 
12/7 8.16 4.0 0.57 2.5 17,283 53,197 352 0.004 
12/14 8.25 3.0 0.35 2.1 11,600 21,924 202 0.003 
12/21 8.16 0.0 0.46 2.5 8,430 20,940 312 0.007 
12/28 8.08 0.5 0.67 2.8 9,930 35,927 132 0.003 
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Temp to river 
Date PH (°C) (mg/l) (mg/l) (cfs) (lbs/day) (lbs/day) (mg/l) 
1/4/82 7.98 0.0 1.00 3.1 9,900 53,460 750 0.014 
1/11 7.97 0.0 1.54 3.1 15,800 131,393 1317 0.016 
1/18 7.68 0.0 1.20 7.0 10,810 70,049 847 0.015 
1/25 7.80 0.0 1.29 5.7 9,850 63,532 455 0.009 
2/1 7.78 0.0 1.70 5.7 11,700 107,406 538 0.009 
2/8 7.90 0.0 1.68 4.4 9,900 89,813 493 0.009 
2/15 7.80 0.0 1.61 5.7 9,800 85,201 709 0.013 
2/22 7.91 0.5 1.51 4.4 38,000 309,852 774 0.004 
3/1 7.55 0.5 0.84 8.3 43,830 198,813 618 0.003 
3/8 7.86 0.0 0.73 4.4 35,525 128,213 311 0.002 
3/15 8.03 2.0 0.87 3.1 60,720 285,262 639 0.002 
3/22 7.82 5.0 0.46 5.7 72,560 180,232 483 0.001 
3/29 7.98 6.0 0.55 2.9 53,955 160,246 394 0.001 
4/5 8.22 7.0 0.47 2.2 50,350 127,788 738 0.003 
4/12 8.22 5.5 0.68 2.3 39,810 146,182 764 0.004 
4/19 8.20 11.5 0.35 1.7 53,930 101,909 160 0.001 
4/26 8.05 13.5 0.26 1.6 42,930 60,260 456 0.002 
5/3 8.18 16.5 0.07 1.5 28,920 10,932 298 0.002 
5/10 8.22 20.0 0.15 1.5 19,290 15,625 110 0.001 
5/17 7.98 23.5 0.36 1.5 14,475 28,139 64 0.001 
5/24 7.92 20.0 0.32 1.8 18,555 32,063 210 0.002 
6/1 7.90 20.5 0.15 1.8 25,990 21,052 179 0.001 
6/7 8.08 21.0 0.05 1.5 23,255 6,278 235 0.050 
6/14 8.17 23.5 0.05 1.5 14,665 3,960 332 0.004 
6/21 7.92 22.5 0.18 1.7 13,350 12,976 566 0.008 
6/28 8.20 25.0 0.10 1.5 9,210 4,973 945 0.019 
7/6 8.10 27.5 0.09 1.5 16,000 7,776 595 0.007 
7/12 7.94 25.0 0.18 1.6 18,890 18,361 249 0.002 
7/19 8.22 27.0 0.07 1.5 20,610 7,790 485 0.004 
7/26 8.02 27.5 0.09 1.5 25,635 12,456 37 <0.001 
8/2 8.19 26.5 0.06 1.5 17,245 5,587 334 0.004 
8/9 8.10 26.0 0.18 1.5 15,740 15,299 349 0.004 
8/16 8.16 25.5 0.16 1.5 12,910 11,154 664 0.010 
8/23 8.25 24.5 0.13 1.5 10,935 7,676 535 0.009 
8/30 8.21 22.0 0.10 1.5 9,355 5,052 510 0.010 
9/7 8.47 23.0 0.12 1.5 7,910 5,126 529 0.012 
9/13 7.75 24.0 0.08 1.8 6,940 2,998 40 0.001 
9/20 8.51 20.0 0.08 1.5 7,960 3,439 94 0.002 
9.27 8.41 16.5 0.06 1.5 8,160 2,644 238 0.005 
10/4 8.31 21.0 0.15 1.5 8,640 6,998 201 0.004 
10/11 8.30 18.5 0.19 1.5 7,625 7,823 818 0.020 
10/18 8.35 13.5 0.06 1.5 7,505 2,432 352 0.009 
10/25 8.32 10.0 0.16 1.7 8,430 7,284 346 0.008 
11/1 8.40 13.5 0.05 1.5 6,310 1,704 1858 0.055 
11/8 8.20 8.0 0.59 2.1 12,415 39,554 701 0.011 
11/15 8.10 4.4 0.45 2.8 14,400 34,992 312 0.004 
11/22 8.18 9.0 0.63 2.0 14,050 47,798 70 0.001 
11/29 8.10 4.5 0.42 2.8 21,200 48,082 575 0.005 
12/6 7.90 11.0 0.39 2.8 72,210 152,074 748 0.002 
12/13 7.80 4.5 0.19 5.7 56,210 57,672 364 0.001 
12/20 8.08 2.5 0.20 2.8 44,010 47,531 1170 0.005 
12/27 8.10 5.5 0.30 2.6 44,030 71,329 730 0.003 
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Summary of River and Greater Peoria Sanitary 
D i s t r i c t (GPSD) 1983 Ammonia-Nitrogen Conditions 
IEPA NH3-N 
standard River River GPSD GPSD Values for given River NH3-N NH3-N Contribution 
to river 



















































































































































































































6/6 8.15 19.5 0.21 1.5 22,455 25,464 1320 0.011 6/13 8.27 24.0 0.10 1.5 16,510 8,915 1121 0.013 6/20 8.09 24.6 0.24 1.5 9,580 12,416 554 0.011 6/27 8.05 28.7 0.25 1.5 8,980 12,123 1034 0,021 7/5 8.45 25.9 0.11 1.5 26,870 15,961 791 0,006 7/11 8.05 27.4 0.08 1.5 20,920 9,037 1588 0.014 7/18 8.17 30.0 0.07 1.5 8,385 3,170 814 0,018 7/25 8.45 29.5 0.10 1.5 8,875 4,793 229 0,005 8/1 8.34 29.0 0.08 1.5 7,720 3,335 1030 0.025 8/8 8.36 30.0 0.12 1.5 7,075 4,585 623 0,016 8/15 8.26 26.0 0.08 1.5 7,445 3,216 261 0.007 8/22 8.18 29.5 0.17 1.5 9,500 8,721 476 0.009 8/29 8.25 28.8 0.16 1.5 9,100 7,862 290 0.006 9/6 8.10 26.0 0.18 1.5 8.355 8,121 123 0.003 
9/12 8.22 24.6 0.14 1.5 8,730 6,600 65 0.001 9/19 8.18 27.0 0.12 1.5 10,995 7,125 398 0.007 
9/26 8.08 25.5 0.24 1.5 9,875 12,798 177 0.003 
10/3 8.18 21.0 0.11 1.5 7,135 4,238 104 0.003 10/10 8.29 15.4 0.09 1.5 6,780 3,295 138 0.004 
10/17 8.30 14.1 0.07 1.5 5,985 2,262 133 0.004 10/24 8.25 12.0 0.38 1.7 10,925 22,418 238 0.004 10/31 8.00 12.9 0.71 1.7 7,535 28,889 180 0.004 11/7 7.90 10.6 0.12 2.8 8,495 5,505 218 0.005 11/14 8.25 6.0 0.38 2.1 5,865 12,035 202 0.006 11/21 8.19 9.3 0.34 2.0 8,455 15,523 438 0.010 11/28 8.09 7.5 0.83 2.3 21,080 94,481 480 0.004 12/5 8.15 2.5 0.52 2.5 24,290 68,206 285 0.002 12/12 8.15 2.5 0.45 2.5 21,600 52,488 344 0.003 12/19 7.99 0.0 0.47 3.1 34,150 86,673 225 0.001 12/27 7.88 0.0 0.39 4.4 18,760 39,509 267 0.003 
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Appendix E 
Monthly Summaries of GPSD Ammonia-N Concentrations and 














Min. Avg. Max. 
Jan. 2.95 7.41 12.94 761 1626 2709 17 18 19 
Feb. 6.23 8.85 12.28 1394 1858 2706 16 17 18 
Mar. 2.27 5.87 11.19 718 1493 2918 14 16 17 
Apr. 2.03 5.26 9.02 1052 1812 2573 — — — 
May 0.31 4.62 9.35 111 1507 3938 — — — 
Jun. 3.41 5.83 10.93 835 1493 2490 — — — 
Jul. 2.26 6.16 10.30 753 1503 3112 — — — 
Aug. 2.21 6.18 2.21 459 1412 2844 — — — 
Sep. 2.82 5.92 10.84 712 1294 2308 — — — 
Oct. 2.72 7.10 14.06 698 1495 2630 — — — 
Nov. 0.76 7.06 12.89 215 1525 2996 — — — 
Dec. 1.51 6.51 13.28 326 
1979 












Min. Avg. Max. 
Jan. 2.43 7.17 14.87 567 1580 2930 — — — 
Feb. 1.74 4.77 10.89 408 1149 2176 17 18 19 
Mar. 0.25 2.29 5.63 84 931 2117 — — — 
Apr. 1.06 3.38 6.71 336 1123 2121 — — — 
May 1.34 4.47 11.71 291 915 1865 — — — 
Jun. 1.03 6.02 14.55 266 1081 1954 — — — 
Jul. 6.08 10.41 16.91 1357 1723 2869 — — — 
Aug. 6.09 12.14 21.44 1012 2083 3217 — — — 
Sep. 6.65 16.14 25.18 1550 2481 4343 — — — 
Oct. 6.00 10.10 14.25 1099 1865 3318 — — — 
Nov. 2.84 6.91 13.09 632 1298 3530 — — — 














Min. Avg. Max. 
Jan. 3.50 6.54 10.00 584 1113 1756 — — — 
Feb. 3.42 7.03 11.95 683 1299 2359 — — — 
Mar. 2.95 6.63 12.78 618 1505 2973 15 17 19 
Apr. 0.65 4.12 8.78 179 1010 2412 16 18 19 
May 0.10 2.44 5.39 20 471 1791 18 21 24 
Jun. 0.22 1.74 4.87 103 443 1102 20 23 28 
Jul. 0.90 2.94 5.99 186 551 1067 25 27 28 
Aug. 0.17 2.86 9.35 34 589 2410 25 27 28 
Sep. 0.95 2.20 4.03 226 438 824 24 26 28 
Oct. 0.10 0.97 2.46 14 174 611 20 23 25 
Nov. 0.10 1.15 3.81 13 183 659 18 20 23 
Dec. 0.34 1.37 3.08 56 
1981 














Min. Avg. Max. 
Jan. 0.10 1.31 3.98 14 199 627 9 14 17 
Feb. 0.22 2.01 5.15 33 408 1194 10 13 18 
Mar. 0.10 2.55 5.88 17 457 1217 14 16 18 
Apr. 0.40 2.00 3.90 163 479 1003 15 18 20 
May 0.60 2.30 4.80 243 609 1262 — — — 
Jun. 0.20 1.30 3.20 59 314 670 21 24 26 
Jul. 0.40 3.80 14.40 141 909 2443 24 26 29 
Aug. 0.10 1.20 3.40 23 336 1188 — — — 
Sep. 0.60 2.70 6.40 115 483 1193 24 25 27 
Oct. 0.10 2.70 9.60 14 401 1235 — — — 
Nov. 0.70 2.00 3.40 112 326 687 16 19 22 









NH3-N Load (lbs/day) 
Min. Avg. Max. 
Temperature (°C) 
Min. Avg. Max. 
Jan. 1.2 3.2 9.6 229 602 1731 — — — 
Feb. 1.5 2.7 4.6 230 652 2141 8 10 12 
Mar. 0.4 1.5 3.0 184 459 739 8 9 12 
Apr. 0.2 1.7 3.7 104 511 1024 9 12 15 
May 0.1 1.0 2.6 20 217 601 14 19 21 
Jun. 0.6 2.4 6.2 97 400 991 19 23 25 
Jul. 0.2 1.6 3.0 40 332 1051 21 24 26 
Aug. 0.6 2.3 4.3 96 389 984 25 26 28 
Sep. 0.1 1.6 4.8 21 296 948 23 26 28 
Oct. 0.1 2.7 5.2 21 418 818 20 24 26 
Nov. 0.2 2.3 5.6 36 520 1858 15 17 24 
Dec. 0.4 2.2 5.9 111 
1983 












Min. Avg. Max. 
Jan. 1.2 3.9 7.0 264 808 1416 11 13 16 
Feb. 0.6 2.4 5.2 121 513 1138 10 14 16 
Mar. 0.3 2.7 6.2 61 732 1961 10 15 18 
Apr. 0.3 2.2 7.2 80 840 3205 10 13 18 
May 0.2 2.5 17.4 52 715 3925 14 18 20 
Jun. 2.5 5.2 9.2 554 1186 2484 20 24 27 
Jul. 0.7 4.5 9.1 130 908 1956 26 28 30 
Aug. 1.2 2.6 6.5 218 524 1537 25 28 30 
Sep. 0.2 0.7 1.5 60 145 397 — — — 
Oct. 0.5 0.8 1.4 81 152 340 18 20 23 
Nov. 0.7 1.3 2.5 118 298 611 14 17 20 














Min. Avg. Max. 
Jan. 0.6 1.3 2.2 104 238 429 8 11 14 
Feb. 0.6 1.2 2.2 174 311 557 9 10 12 
Mar. 0.8 1.2 3.2 160 350 694 9 10 12 
Apr. 0.3 0.9 1.4 121 267 607 11 13 15 
May 0.5 1.4 5.7 110 394 1674 14 16 19 
Jun. 0.3 0.7 1.3 61 155 273 19 21 23 
Jul. 0.3 0.9 1.3 54 174 263 21 23 25 
Aug. 0.3 0.6 1.1 52 108 206 23 25 27 
Sep. 0.1 0.5 1.2 16 85 254 — — — 
Oct. 0.1 3.8 8.4 16 788 2185 21 23 25 
Nov. 1.4 3.0 6.2 247 670 1655 17 19 21 
Dec. — — — — — — — — — 
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Appendix F 
Surface Dye Percentage Values for the Ten Dye Run Dates 
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July 12, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 125 150 200 250 300 350 400 450 500 550 600 
0+00 7.0 4.3 2.0 
0+50 5.8 4.1 1.1 1.6 
1+00 6.4 3.5 1.4 1.0 0.7 
2+00 23.5 24.0 20.3 21.5 14.0 
2+50 23.0 23.0 21.9 2.3 2.9 2.0 
3+00 21.4 21.4 2.2 1.3 3.2 0 
3+50 2.5 1.6 1.9 2.3 1.5 0.2 
4+00 2.8 1.9 2.0 3.0 3.0 0.5 
4+50 2.8 2.2 1.4 0.5 0.1 0 0 
5+00 2.0 1.1 1.2 1.3 0.7 0.1 0.5 
5+50 1.9 2.4 1.3 1.3 0.5 0.1 0.2 
6+00 1.3 1.9 1.9 0.7 1.2 0.5 0.2 
6+50 1.7 1.7 1.7 1.6 1.8 0.7 0.4 
7+00 1.7 1.7 1.8 1.4 1.3 1.5 1.5 
7+50 0.9 0.9 1.7 1.2 0.5 0.6 0.4 
8+00 2.5 2.0 2.0 1.9 1.1 0.6 0.1 
9+00 3.0 2.1 2.0 1.7 1.5 1.5 1.5 0.1 
10+50 6.1 4.2 1.7 1.4 1.1 1.2 1.4 1.3 
12+00 4.3 3.9 1.2 1.3 1.5 1.0 1.4 0 
14+00 2.5 1.3 1.9 0.8 0.4 0.1 0 
16+00 2.5 2.0 1.9 1.2 0.8 1.0 0.8 
18+00 1.5 1.0 0.6 0.5 0.7 0.8 0.1 
21+00 1.0 1.1 0.6 0.6 0.6 0.4 0.3 
24+00 1.7 1.8 0.9 0.7 0.5 0.6 0.2 0.1 
27+00 1.7 2.0 0.5 0.5 0.5 0.5 0.6 0.4 
31+00 0.8 0.8 0.4 0.5 0.2 0.3 0.1 0 
33+00 0.8 0.8 0.4 0.4 0.3 0.2 0.1 0 0 
36+00 0.7 0.7 0.4 0 0.1 0 0 0 0 
39+00 0.8 0.6 0.5 0.4 0.1 0.1 0.1 0 0 
42+00 1.2 1.2 0.9 0.6 0.4 0.3 0.2 0.2 0.1 0.2 
45+00 1.4 1.3 1.3 0.9 0.5 0.4 0.3 0.4 0.3 0.3 
47+00 1.3 1.3 1.4 0.8 0.9 0.8 0.9 0.4 0.4 0.4 
49+00 1.3 1.3 0.3 0.3 0.3 0.2 0.1 0 0.1 0 
61+00 0.6 0.6 0.1 0.1 0.1 0 0 0.1 0 0 
63+00 0.6 0.5 0.1 0.1 0.1 0 0 0 0 0 
65+00 0.5 0.6 0.2 0.1 0.1 0.1 0 0.1 0.1 0.1 0 
67+00 0.7 0.5 0.5 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 
70+00 0.7 0.6 0.4 0.3 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1 
74+00 0.6 0.6 
75+00 1.0 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 
79+00 0.2 0.2 0.2 0.1 0 0.1 0 0 0 0 
82+00 1.2 1.1 0.3 0.2 0.2 0.1 0.1 0.1 0 0 
86+00 0.7 0.7 0.4 0.2 0.2 0 0.1 0 0 0 0 
89+00 0.8 0.5 0.2 0.1 0.1 0 0.1 0 0.1 
92+00 0.9 0.8 0.8 0.8 0.4 0.1 0 0 0 0 0.1 
100+00 0.9 0.9 1.1 0.7 0.2 0 0 0 0 0 0.1 
104+00 0.7 0.7 0.9 0.4 0.1 0.2 0.2 0.3 0.2 0.2 
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July 19, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 125 150 175 200 250 300 350 400 450 475 500 550 600 
0+00 25.0 25.4 5.1 
0+50 24.7 26.0 0.2 
2+00 29.0 12.0 0.6 0 
2+50 20.8 16.1 7.4 0.6 0.6 1.1 
3+00 18.5 1.2 0.5 0.5 0.5 0 
3+50 2.0 0.5 0.3 0.5 1.3 1.2 0 
4+00 1.9 1.3 0.5 0.3 0.3 0 0 
4+50 2.1 1.1 0.2 0.2 0 0 0 0 
5+00 2.2 1.2 0.4 0.5 0.2 0 0 0 
5+50 0.8 0.8 0.5 0.3 0.1 0.1 0 0 
6+00 2.8 2.4 0.5 0.2 0.4 0 0 0 
6+50 3.9 2.2 0.8 0.7 0.9 0 0 
7+00 3.9 2.2 0.8 0.6 0.2 0 0 0 
7+50 4.6 3.1 1.5 1.0 0.4 0 
8+00 5.1 3.6 1.8 1.9 1.6 7.5 0 
9+00 3.3 3.1 2.8 2.6 1.9 0.1 0 
10+50 3.1 3.3 1.8 2.1 2.2 1.4 1.2 0 
12+00 2.4 2.1 1.2 1.0 1.0 0.8 0 
14+00 1.3 0.6 1.0 0.6 0 0 0 0 
16+00 1.2 1.3 1.2 1.4 1.7 1.6 0.1 
18+00 1.2 1.4 0.6 0.4 0.3 0.2 0 0 0 
21+00 1.1 1.4 0.8 0.7 0.4 0.2 0.1 0 
24+00 1.1 1.1 0.4 0.4 0.3 0 0.1 0.1 0 
27+00 1.2 1.4 0.4 0.3 0.4 0.2 0.2 0.1 0 
32+00 0.8 0.9 0.4 0.2 0.1 0 0 0 0 0 
35+00 0.7 0.4 0.5 0.2 0.2 0.1 0 0 0 0 
37+00 0.7 0.7 0.2 0.1 0 0 0 0 0 0 
40+00 0.9 0.8 0.7 0.5 0.2 0 0 0 0 0 
43+00 0.5 0.5 0.5 0.8 0.8 0.2 0.2 0.2 0.1 0 0 
46+00 0.6 0.6 0.5 0.5 0.7 0.6 0.4 0.3 0.1 0.4 
47+00 0.5 0.6 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0 0 
50+00 0.6 0.7 0.3 0.2 0.2 0.2 0 0 0.1 0.1 0 
54+00 0.6 0.6 0.2 0.2 0.2 0 0.1 0.2 0.1 0 0.1 
56+00 0.7 0.6 0.1 0.2 0.1 0.1 0.1 0 0.1 0.1 0.1 
66+00 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.2 0.2 0.3 0.2 0.2 
70+00 0.5 0.5 0.6 0.6 0.5 0.5 0.4 0.4 0.4 0.3 0.3 0.2 0.4 
74+00 0.6 0.5 0.7 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.7 0.7 0.7 
79+00 0.6 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.5 
82+00 0.7 0.5 0.5 0.7 0.8 0.7 0.5 0.5 0.5 0.5 
85+00 0.7 0.7 0.7 0.6 0.3 0.5 0.5 0.5 0.5 
89+00 0.7 0.8 0.7 0.4 0.3 0.2 0.2 0.4 0.6 
92+00 0.6 0.5 0.7 0.5 0.4 0.2 0.1 0.2 0.2 0.4 0.5 
98+00 0.6 0.6 0.4 0.4 0.2 0.2 0.2 0.2 0.3 0.5 0.5 
104+00 0.6 0.5 0.5 0.3 0.2 0.2 0.2 0.3 0.4 0.6 
108+00 0.7 0.7 0.7 0.4 0.2 0.2 0.2 0.2 0.4 0.5 0.7 
171 
July 31, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 125 150 175 200 225 250 300 350 400 450 500 550 600 650 
0+00 20.3 16.6 3.8 
1+00 9.8 9.8 1.3 
2+00 0.5 0.3 0.9 9.6 0 
2+50 4.6 4.8 15.4 0 0 
3+00 25.9 1.0 0 1.2 0.8 0.1 0 
3+50 1.1 1.2 0 0 0.1 0.1 0 
4+00 1.2 0.8 0.3 0.3 0 0 0 
4+50 2.1 0.8 0.8 0.2 1.4 0 0 0 
5+00 0.6 0.9 0.6 0.6 0.3 0.3 0.1 0 0 
5+50 3.0 2.5 0.9 0.3 0.1 0 0.1 0 
6+00 2.5 2.8 1.8 2.4 1.7 0.1 0 0 
6+50 3.0 3.5 2.3 2.8 1.9 0.5 0 
7+00 4.1 3.0 3.2 3.0 2.1 1.8 0.5 0 0 
8+00 4.7 4.8 3.0 3.2 2.3 2.4 1.2 0.1 
9+00 5.0 5.0 2.2 1.9 1.7 1.4 1.0 0.2 
10+50 2.8 3.1 1.4 1.0 1.0 0.8 1.0 0.7 
12+00 2.1 1.0 0.8 0.8 0.6 0.5 0.6 
14+00 1.4 0.6 1.0 0.5 0.3 0.3 0.3 0 
16+00 1.6 1.4 1.6 1.6 1.4 1.2 1.0 
18+00 1.5 1.5 0.6 0.3 0.4 0.3 0 0.1 0 0 0 0 
22+00 1.6 1.4 0.8 0.9 0.6 0.1 0 0 0.1 0 0 
27+00 1.6 1.4 0.5 0.4 0.1 0 0.3 0 0 
35+00 0.7 0.4 0.4 0.1 0.1 0.2 0 0.1 0 0 
38+00 0.6 0.6 0.2 0.1 0.1 0 0 0 0 0 0.1 0.1 0.1 0 
42+00 0.8 0.8 0.8 0.8 0.6 0.3 0 0 0 0 0 0 
49+00 0.8 0.8 0.9 1.0 0.6 0.6 0.6 0.3 0.3 0.3 
56+00 0.8 0.8 0.1 0.1 0 0 0 0 0 0 0 0 
61+00 0.7 0.5 0.3 0.1 0 0 0 0 0 0 0 
66+00 0.7 0.6 0.1 0.2 0.3 0.2 0 0.1 0 0 0 0 0 
70+00 1.0 0.9 0.3 0.1 0.3 0.2 0 0 0 0 0 
74+00 1.0 0.9 0.5 0.4 0.3 0.1 0 0 0.1 0.1 0.1 0.1 0.1 
79+00 0.9 0.9 0.6 0.5 0.5 0.4 0.4 0.3 0.4 0.3 0.5 
84+00 0.8 0.7 1.0 0.6 0.5 0.4 0.4 0.5 0.5 0.5 
89+00 0.9 0.8 0.4 0.4 0.5 0.6 0.6 0.6 1.0 
95+00 0.9 0.8 0.3 0.3 0.3 0.6 0.5 0.5 1.0 
98+00 0.9 0.9 1.0 0.8 0.3 0.2 0.2 0.1 0.6 0.9 0.8 
102+00 0.9 0.9 0.8 0.6 0.5 0.5 0.3 0.3 0.2 0.1 0.1 0.3 0.6 
104+00 0.9 0.9 0.5 0.5 0.3 0.3 0.2 0.2 0.1 0.1 0.6 
106+00 0.8 0.9 0.6 0.3 0.3 0.1 0.1 0.3 0.3 0.3 





0 0 . 1 
August 7, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 175 200 225 250 275 300 350 400 450 500 550 600 650 
0+00 25.8 26.7 3.4 
1+00 6.2 6.8 8.3 
2+00 0.6 0.2 4.8 0 2.8 
2+50 16.5 3.8 5.5 1.0 0 0 
3+00 27.5 2.4 1.0 0.2 0 0 0 
3+50 1.4 2.6 0.8 0.7 0 0 0 
4+00 3.5 1.7 0.9 0.5 0 0 0 
4+50 2.9 3.5 1.0 0.8 0.1 0 0 0 
5+00 1.5 2.9 0.8 0 0 0 0 0 
5+50 3.7 2.4 1.5 0.3 0 0 0 0 
6+00 4.4 3.6 1.3 0.6 0.1 0.2 0 0 
6+50 5.1 2.3 1.5 1.3 1.3 0 0 
7+00 6.1 4.4 1.3 1.3 1.3 1.0 0 0 0 
8+00 0.6 0.9 1.6 1.3 1.2 1.1 0 0 
10+00 1.5 1.5 1.1 1.0 0.9 0.8 0.5 0 0 
12+00 1.5 1.4 0.8 0.8 0.9 0.5 0.2 0 
14+00 0.7 0.7 0.7 0.4 0.3 0.4 0.2 0 
16+00 0.5 0.6 0.5 0.6 0.6 0.6 0.1 0 
18+00 0.6 0.6 0.4 0.4 0.5 0.5 0.2 0 0 0 0 
22+00 0.3 0.3 0.5 0.4 0.4 0.1 0 0 0 0 0 0 
27+00 0.4 0.4 0.5 0.5 0.3 0.2 0.1 0 
35+00 0.3 0.3 0.4 0.4 0.1 0.1 0 0 0 
38+00 0.3 0.3 0.3 0.4 0.1 0.1 0.1 0.1 0 0 0.3 0.1 0 
44+00 0 0 0 0.2 0.2 0.2 0.3 0.2 0.1 0 0.1 
49+00 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.2 0.2 
50+00 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.5 0.2 0.2 
69+00 0.3 0.3 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.2 
74+00 0.3 0.2 0.2 0.2 0.1 0.2 0.3 0.2 0.2 0.2 0.3 0.4 
79+00 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.3 0.3 
82+00 0.5 0.5 0.3 0.2 0.1 0.2 0.4 0.1 0.2 0.6 
86+00 0.2 0.5 0.5 0.4 0.3 0.2 0.2 0.1 0.2 0.3 0.4 
92+00 0.3 0.5 0.4 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.3 
95+00 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2 
100+00 0.3 0.3 0.5 0.5 0.3 0.2 0.1 0.1 0.1 0.2 0.3 
104+00 0.2 0.3 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 
108+00 0.2 0.2 0.4 0.4 0.2 0.1 0.2 0.1 0.1 0.1 0.5 
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August 14, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 175 200 250 300 350 400 450 500 550 600 
0+00 16.5 19.5 5.7 
1+00 29.0 11.1 8.4 
2+00 71.0 74.4 47.3 0.2 0 0 
2+50 12.3 46.0 14.4 0 0 
3+50 2.0 3.0 4.3 13.6 0.6 0 0 0 
4+50 3.2 2.3 2.0 0.9 0.5 0 0 0 0 
5+00 3.3 2.0 1.1 1.1 0.2 0 0 1.7 
5+50 2.9 1.7 0.3 0 2.9 0 0 0 0 
6+50 2.9 3.2 2.8 1.7 0.4 0 2.1 0 
8+00 3.3 3.2 2.3 2.5 2.3 1.4 0 0 0 
10+00 2.6 2.7 2.6 2.6 2.7 2.7 0 0 0 0 
12+00 1.6 1.7 1.7 1.7 1.7 0.2 0 0 0 0 
14+00 1.3 1.5 1.1 1.2 0 0 0 0 0 
16+00 0.8 0.8 1.1 1.4 1.4 0.9 0.4 0 0 
18+00 0.8 0.8 0.5 0.5 1.1 0.9 0.8 0.5 0 0.5 0 0 
22+00 0.5 0.6 0.6 0.7 0.8 0.8 0.8 0.4 0 0 0 0 
27+00 0.6 0.6 0.8 0.7 0.8 0.8 0.7 0.2 0 0 
35+00 0.6 0.6 0.5 0 0 0 0 0 
38+00 0.4 0.6 0.7 0.2 0.2 0.2 0 0 0 0 0.6 0 0 
44+00 0.2 0.4 0.2 0.3 0.4 0.5 0.3 0.2 0.2 0.6 0.6 
47+00 0.4 0.5 0.4 0.4 0.4 0.2 0.2 0.2 0.3 0.4 
49+00 0.3 0.5 0.4 0.2 0.2 0.3 0.5 0.3 0.2 
70+00 0.6 0.6 0.7 0.6 0.5 0.5 0.5 0.4 0.1 0.2 0.4 
75+00 0.6 0.5 0.5 0.2 0.3 0.4 0.5 0.5 0.5 0.2 
79+00 0.5 0.5 0.4 0.4 0.2 0.3 0.3 
82+00 0.6 0.7 0.5 0.7 0.6 0.4 0.4 0.5 0.3 0.3 
86+00 0.7 0.3 0.6 0.8 0.5 0.3 0.2 0.3 0.4 0.5 0.4 
89+00 0.3 0.5 0.3 0.2 0.3 0.3 0.3 0.3 0.3 
92+00 0.5 0.5 0.5 0.2 0.2 0.2 0.3 0.4 0.4 0.3 0.4 
95+00 0.5 0.6 0.5 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.4 
100+00 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.5 
104+00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 
108+00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 
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August 21, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 175 200 250 300 350 400 450 500 550 600 
0+00 2.6 4.8 1.2 
1+00 8.3 27.6 70.5 
2+00 21.4 17.4 15.3 1.3 0 0.1 
2+50 18.6 17.0 9.1 78.3 41.6 0.9 0.1 
3+50 6.1 8.2 11.8 10.8 0.2 0 0 
4+50 7.2 10.9 5.1 1.9 1.8 1.1 0 0.1 
5+00 6.9 11.5 3.7 3.9 5.9 1.7 0 0.1 
5+50 6.9 8.4 6.1 2.2 1.0 0.3 0 0 0 
6+50 3.2 3.9 5.2 5.5 7.7 0 0 0 
8+00 1.1 1.4 5.3 5.5 5.9 2.0 0.1 0 
10+00 0.7 1.1 1.1 1.1 1.1 1.2 0.5 0.1 0.2 0 
12+00 0.9 0.9 5.2 5.5 4.5 0.5 0 0.1 0 0 
14+00 0.2 3.0 4.4 3.1 2.1 0.2 0.8 0 0 0 
16+00 1.4 1.1 2.7 3.0 3.5 0.2 0.2 0 0 
18+00 1.0 1.2 2.5 3.5 3.6 1.7 0.2 0.2 0 0 0 0 
22+00 0.7 0.9 1.1 1.5 2.1 1.7 1.1 0.6 0.3 .0 0 0.5 
27+00 0.9 0.9 2.1 2.0 1.9 2.7 1.8 0.5 0 0 
35+00 1.1 1.7 1.3 1.2 0.9 0.4 0 0.1 
38+00 1.2 1.4 1.4 1.6 1.8 1.3 1.2 0.8 1.3 0.8 0.3 0.2 0 
44+00 0.4 0.5 0.3 0.4 0.8 1.0 1.1 1.0 0.3 0.3 0.5 
48+00 0.5 0.5 0.6 0.8 0.8 0.9 1.0 0.8 0.8 0.2 
63+00 0.7 0.8 0.9 0.8 0.8 0.8 0.9 0.8 0.6 
70+00 0.8 0.8 0.9 0.8 0.8 0.8 0.8 0.2 0.2 0.4 0.2 
75+00 0.8 0.6 0.5 0.5 0.9 0.9 0.5 0.5 0.5 0.8 
79+00 0.9 0.8 0.8 0.8 0.8 0.3 0.8 
82+00 0.8 0.7 0.7 0.7 0.5 0.5 0.6 0.7 0.8 0.6 
86+00 0.6 0.7 0.7 0.5 0.7 0.7 0.8 0.7 0.5 0.5 0.5 
89+00 0.5 0.8 0.8 0.8 0.8 0.6 0.7 0.7 0.7 
92+00 0.2 0.3 0.5 0.6 0.7 0.7 0.8 0.8 0.7 0.8 0.6 
95+00 0.5 0.7 0.7 0.8 0.8 0.8 0.8 0.7 0.4 0.5 0.5 
101+00 0.5 0.7 0.7 0.5 0.5 0.8 0.8 0.7 0.6 
104+00 0.8 1.0 0.7 0.7 0.5 0.5 0.5 0.6 0.5 0.5 
108+00 0.8 0.8 0.4 0.7 0.6 0.5 0.5 0.5 0.5 0.5 0.5 
175 
August 28, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 175 200 250 300 350 400 450 500 550 600 
0+00 46.8 28.9 23.5 
0+50 47.2 43.8 2.9 
1+00 45.4 46.8 55.0 55.0 
2+00 12.7 10.5 16.1 12.3 0.3 0.2 
2+50 15.0 35.3 18.6 31.4 8.6 0 
3+50 7.4 7.9 8.7 7.5 14.6 5.1 0.8 0 
4+50 7.1 7.4 7.5 8.3 10.9 15.0 0 0 
5+00 7.1 7.4 7.8 7.3 12.8 5.4 0 0 
5+50 6.5 7.4 6.5 6.8 7.9 2.3 0.1 0 0 
6+50 4.4 5.3 5.3 6.5 6.7 0.1 0 
8+00 3.9 4.4 5.1 5.6 6.3 0.3 0 
10+00 3.6 3.6 3.6 3.6 3.6 4.6 0 0 0 0 
12+00 3.3 3.3 4.0 3.7 5.3 3.1 0.3 0.5 1.2 0.3 
14+00 3.3 3.3 4.6 2.9 2.7 2.0 0.4 0.6 0.3 0.6 
16+00 0.9 1.2 1.5 1.8 2.8 2.2 1.0 0 
18+00 3.9 3.9 1.6 1.7 2.4 2.3 2.3 1.6 0.2 0 
22+00 0.7 0.9 1.3 1.4 2.1 2.5 2.8 1.7 1.3 2.2 0 0 
27+00 0.8 0.7 1.7 1.7 2.0 2.2 1.8 1.7 1.0 0.6 
35+00 1.4 1.5 1.7 1.8 1.2 1.3 0.9 0 
38+00 0.9 1.4 1.3 1.5 1.2 0.9 0.6 0.7 0.6 0.6 0.3 0.2 0 
42+00 0.1 0.3 0.6 0.5 0.8 1.0 0.7 0.3 0.2 0.1 0.2 
44+00 0.3 0.3 0.4 0.3 0.5 0.6 0.7 0 0 
46+00 0.4 0.5 0.5 0.6 0.6 0.8 0.8 0.9 0.5 0 
63+00 0.6 0.6 1.0 1.3 1.3 1.1 1.1 1.0 0.2 0.8 0.4 
70+00 0.6 0.6 0.6 0.6 0.3 0.5 0.6 0.9 1.1 1.2 0.5 1.1 
76+00 0.6 0.6 0.6 0.6 0.5 0.6 0.6 0.9 0.6 
82+00 0.5 0.6 0.5 0.7 0.6 0.6 0.5 0.5 0.5 0.6 
86+00 0.6 0.6 0.5 0.6 0.6 0.9 0.8 0.9 0.8 0.8 0.6 
89+00 0.6 0.8 0.6 0.8 0.8 1.1 0.9 0.8 0.7 
94+00 0.6 0.6 0.8 0.7 0.8 0.7 0.7 0.7 0.7 0.6 0.6 
98+00 0.6 0.6 1.0 0.9 0.9 0.9 1.0 1.0 0.9 0.9 0.7 0.6 0.6 
101+00 1.0 1.0 1.0 1.0 0.9 1.0 0.9 1.0 1.0 
104+00 0.1 0.3 1.0 1.0 1.0 1.0 0.9 1.0 0.9 0.9 
108+00 0.1 0.2 0.8 1.0 0.7 1.0 1.0 1.0 1.0 0.9 1.0 
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September 11, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 200 250 300 350 400 450 500 550 600 
0+00 18.8 26.7 15.0 
0+50 23.3 31.5 4.4 
1+00 51.7 36.4 11.0 12.2 
2+00 44.9 46.9 74.3 74.3 11.8 0.2 
2+50 45.3 45.6 71.3 48.8 32.7 3.5 0 
3+50 26.7 26.1 24.1 27.6 32.7 45.3 0.1 0 
4+50 26.3 23.1 4.0 23.2 31.4 33.0 24.4 0 
5+00 25.4 25.2 19.8 25.2 33.8 23.7 0.1 0 
5+50 25.2 23.6 18.8 23.4 19.6 11.8 3.1 0 0 
6+50 25.9 24.3 25.6 28.7 26.8 19.1 0 0 
8+00 25.2 21.9 17.1 14.3 16.6 0 0 
10+00 29.4 29.4 22.4 17.0 15.7 18.3 13.5 0.1 0.1 0.1 12+00 26.3 25.2 24.2 21.8 7.2 1.2 0.1 2.9 0.1 0.1 14+00 21.7 21.7 19.0 7.1 10.1 4.5 0.4 1.7 0 0 16+00 14.7 12.6 10.2 11.7 9.1 0.1 0 0 0 18+00 10.8 8.4 12.6 13.2 13.0 6.6 2.2 0 0 0 0 0 22+00 9.4 11.8 9.1 11.5 7.0 0 2.1 0 0 0 0 0 27+00 6.9 6.5 8.4 5.4 1.5 2.1 0.7 0 0 0 35+00 4.9 4.9 4.1 1.6 1.6 0 0 0 38+00 4.5 3.6 3.1 1.5 2.1 1.0 1.7 0 0.7 1.1 0 0 0 42+00 3.9 3.9 3.6 3.2 2.2 1.0 0.7 0 0 0.1 0 46+00 2.0 2.1 3.5 3.1 2.7 2.2 1.7 0.2 0 0 50+00 1.9 2.7 2.7 2.7 2.5 2.6 1.1 1.4 0.3 54+00 2.5 2.9 3.0 3.0 2.6 2.2 2.5 2.0 0.1 0.7 0 70+00 1.7 2.4 2.2 1.7 2.2 2.2 2.2 2.2 2.1 0.9 0.1 0 76+00 0.1 1.0 2.2 2.0 2.2 1.9 1.2 0.7 0.4 82+00 0.1 0.5 0.2 0.2 2.1 1.7 1.9 0.9 0.7 0.6 
86+00 0.1 0.4 1.1 1.7 1.4 1.7 0.9 1.0 0.5 0 
89+00 0.7 1.4 1.6 1.1 1.0 1.0 0.9 0.7 0.9 
95+00 0.1 0.5 1.1 1.1 1.0 0.5 0.1 0.5 0.4 
98+00 0 0 1.2 1.1 1.1 1.0 0.7 0.9 1.0 0.4 0.1 0.2 0.4 101+00 1.1 1.1 1.0 0.9 0.5 0.7 0.4 0 0 104+00 0 0 1.1 0.9 0.9 0.9 0.5 0.2 0 0 108+00 0 0 0.9 1.1 1.2 1.5 0.5 0.7 1.1 0.7 0.2 
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September 18, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 200 250 300 350 400 450 500 550 600 
0+00 4.5 10.2 9.8 
0+50 3.5 4.1 6.9 
1+00 6.1 8.1 24.7 43.1 
2+00 75.8 76.1 64.5 13.8 16.8 
2+50 80.6 77.6 37.4 35.3 17.2 38.4 41.4 
3+50 14.5 14.6 15.5 16.6 11.3 12.8 16.8 2.1 
4+50 14.6 8.0 17.3 16.8 17.3 23.1 40.1 14.2 
5+00 14.6 6.6 12.4 13.2 13.8 12.9 14.7 12.4 
5+50 5.1 6.8 15.1 14.7 13.8 17.5 24.8 28.7 0.1 
6+50 4.4 6.8 10.7 11.2 12.7 19.0 15.5 2.8 
8+00 7.8 8.8 7.5 9.3 11.5 0.2 12.8 
10+00 6.5 6.2 5.1 5.9 9.2 15.3 14.2 11.9 0 0 
12+00 5.5 7.5 5.9 9.3 12.2 12.2 14.7 14.2 5.9 0.1 
14+00 3.5 2.5 1.4 2.9 3.2 8.0 8.9 1.3 1.5 0 
16+00 1.4 2.1 6.4 6.1 8.1 8.9 11.1 4.1 0.5 
18+00 3.4 2.4 6.7 2.9 8.5 10.4 10.5 11.9 11.5 11.5 11.5 6.4 
22+00 0.6 0.6 3.2 6.9 8.0 6.5 7.8 6.4 4.2 4.1 1.8 1.6 
27+00 1.6 2.1 8.8 9.3 9.6 8.2 8.2 7.9 6.6 6.1 
35+00 3.6 3.5 2.2 2.4 2.0 1.4 1.4 1.5 
38+00 2.1 3.9 2.8 2.5 3.1 0.2 0.5 1.3 1.6 2.7 2.5 2.8 0 
41+00 0.2 0.5 0.5 3.5 3.8 1.1 0.4 1.3 0.9 0.4 0.4 
44+00 0.1 0.2 0.6 0.7 1.5 1.6 0.1 1.9 1.3 2.2 
61+00 0.4 0.5 0.6 1.5 1.3 1.6 1.6 1.4 1.3 1.2 1.1 
70+00 0.4 0.4 0.4 1.4 1.4 1.3 1.4 1.4 1.4 1.3 1.3 1.1 
74+00 0.2 0.2 0.7 1.2 1.3 1.5 1.5 0.7 
78+00 0.1 0.2 0.6 1.1 1.4 1.4 1.6 1.5 1.2 
82+00 0.2 0.2 0.5 0.5 1.2 1.4 1.4 1.4 1.3 0.9 
86+00 0.1 0.1 0.5 0.6 0.6 1.3 1.3 1.3 1.2 0.9 0.4 
90+00 0.1 0.2 0.4 0.5 0.7 1.5 1.4 1.3 1.3 1.3 1.3 
94+00 0.1 0.1 0.7 0.9 1.2 1.5 1.5 0.6 0.8 0.8 0.8 
98+00 0.1 0.2 0.6 0.6 1.2 1.5 0.6 0.6 1.5 0.9 0.7 0.6 0.6 
104+00 0.1 0.1 0.6 1.1 1.3 0.5 0.6 0.8 1.1 0.8 0.7 
106+00 0.1 0.1 0.6 0.8 1.1 1.0 1.6 1.6 1.3 0.6 
108+00 0.1 0.1 0.6 0.7 1.1 1.3 1.5 1.6 1.6 1.4 1.2 
178 
October 23, 1984 Depth: 0' 
Distance in Feet From Right Bank Stake Looking Downstream 
Sta. 0 12 25 50 75 100 150 200 250 300 350 400 450 500 550 600 
0+00 17.4 25.2 10.2 
0+50 25.8 33.5 13.2 
1+00 33.9 62.9 31.5 29.5 
2+00 81.8 81.8 55.3 .49.6 0.1 0.2 
2+50 81.8 81.8 53.4 41.8 49.6 41.8 0.1 
3+50 45.3 41.0 8.9 6.2 9.9 14.9 0.1 0.1 
4+50 39.7 39.7 7.4 12.7 13.7 0 0 
5+00 23.0 24.0 14.9 16.8 7.2 14.9 11.6 0 
5+50 24.6 27.8 7.0 5.5 8.4 8.4 12.7 9.0 0.4 
6+50 45.5 44.6 21.4 13.2 10.7 8.5 7.6 0.2 
8+00 37.8 35.5 3.8 3.2 2.0 6.7 0.2 
10+00 18.8 14.6 15.9 5.3 0.7 0.7 2.1 0.4 0.2 0.2 
12+00 6.7 7.6 11.7 10.8 5.8 4.5 0.7 0.5 0.4 0.2 14+00 4.1 3.7 1.9 1.9 2.1 2.1 1.0 1.2 0.6 0.7 
16+00 2.4 2.3 4.5 5.3 6.6 0.7 0.2 0 0.1 
18+00 2.3 2.4 5.3 4.3 8.8 3.1 1.8 1.4 2.9 0.1 0.1 0.5 
22+00 1.9 2.0 4.6 4.6 4.5 0.1 0.1 0 0.1 0.1 0.1 0 27+00 1.9 1.9 2.1 2.0 1.9 1.7 1.1 0.8 0 0.1 
35+00 1.4 1.4 0.4 1.7 0.2 0.1 0.1 0 
38+00 1.5 1.1 1.7 1.3 1.6 1.5 1.6 0.7 0.4 0.3 0.1 0.5 0.8 
41+00 1.2 1.1 1.4 1.2 1.1 0.6 0.1 0.1 0.4 0.1 0.1 
43+00 1.1 1.1 1.4 1.6 0.9 1.3 0.4 0.1 0.1 0.1 
47+00 0.7 0.9 1.1 1.8 1.8 1.3 0.2 0.7 0.1 0.5 0.7 
48+00 0.8 0.8 1.1 0.7 1.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 
58+00 0.8 0.9 0.5 0.5 0.4 0.6 0.7 0.1 
61+00 1.0 1.0 0.6 0.5 0.8 0.8 1.1 0.8 0.1 
78+00 0.8 0.7 0.9 0.9 0.6 0.6 0.2 0.2 0.5 0.3 
84+00 0.8 0.8 0.8 0.8 0.7 1.1 0.4 0.5 0.4 0.5 0.6 
89+00 0.8 0.8 0.7 0.5 0.6 0.4 0.3 0.3 0.4 
92+00 0.6 0.6 0.6 0.8 0.6 0.4 0.4 0.5 0.6 0.4 0.4 
95+00 0.6 0.8 0.6 0.4 0.4 0.5 0.6 0.4 0.4 
99+00 0.6 0.6 0.4 0.4 0.2 0.2 0.1 0.3 0.3 
104+00 0.4 0.5 0.6 0.5 0.5 0.2 0.2 0.1 0.2 0.2 
108+00 0.4 0.5 0.5 0.6 0.5 0.4 0.4 0.3 0.4 0.4 0.4 
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Appendix G 
Locations of the Maximum Dye Percent at Each Transect Sampled During 
the Ten Dye Run Dates 
181 
July 12, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) 
0+00 0 0 7.0 9+00 0 0 3.0 49+00 0 0 1.3 
0+50 0 0 5.8 10+50 0 0 6.1 49+00 12 0 1.3 
1+00 0 0 6.4 12+00 0 0 4.3 61+00 0 0 0.6 
2+00 12 0 24.0 14+00 0 0 2.5 61+00 12 0 0.6 
2+50 0 0 23.0 16+00 0 0 2.5 63+00 0 0 0.6 
2+50 12 0 23.0 18+00 0 0 3.0 65+00 12 0 0.6 
3+00 0 0 21.4 21+00 0 0 6.1 67+00 0 0 0.7 
3+00 12 0 21.4 24+00 12 0 3.8 70+00 0 0 0.7 
3+50 100 9 4.8 27+00 0 0 1.8 75+00 50 0-1 1.0 
4+00 75 6 4.4 31+00 0 0 0.9 79+00 0 0 1.0 
4+50 125 10 2.9 33+00 0 0 1.4 82+00 0 0 1.2 
5+00 0 0 2.0 33+00 12 0 1.4 86+00 0 0 0.7 
5+50 12 0 2.4 36+00 0 0 0.7 86+00 12 0 0.7 
6+00 12 0 1.9 36+00 12 0 0.7 89+00 0 0 1.0 
6+00 25 0 1.9 39+00 0 0 0.8 89+00 12 0 1.0 
6+50 75 0 1.8 42+00 0 0 1.2 92+00 0 0 0.9 
7+00 125 6 2.0 42+00 12 0 1.2 98+00 0 0 1.1 
7+50 25 0 1.7 45+00 50 0 1.3 104+00 50 0 0.9 
8+00 0 0 2.5 47+00 50 0 1.4 108+00 100 7-9 1.4 
July 19, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 















0+00 12 0 25.4 0.9 
0+50 12 0 26.0 24+00 0 0 1.1 79+00 150 0-22 0.8 
2+00 0 0 29.0 24+00 12 0 1.1 79+00 200 0-23 0.8 
2+50 0 0 20.8 27+00 12 0 1.4 79+00 250 0-23 0.8 
3+00 0 0 18.5 32+00 12 0 0.9 79+00 300 0-21 0.8 
3+50 150 11 2.2 35+00 0 0 0.7 79+00 350 0-8 0.8 
4+00 0 0 1.9 37+00 0 0 0.7 79+00 400 0-17 0.8 
4+50 0 0 2.1 37+00 12 0 0.7 82+00 200 0-24 0.8 
5+00 0 0 2.2 40+00 0 0 0.9 82+00 300 13-25 0.8 
5+50 0 0 0.8 43+00 100 0 0.8 82+00 350 17-22 0.8 
5+50 12 0 0.8 43+00 150 1 0.8 85+00 100 11-21 0.8 
6+00 0 0 2.8 46+00 400 10-13 0.9 85+00 150 12-24 0.8 
6+50 0 0 3.9 47+00 12 0 0.6 89+00 100 0-10 0.8 
7+00 0 0 3.9 50+00 12 0 0.7 92+00 50 0 0.7 
7+50 0 0 4.6 54+00 0 0 0.6 98+00 100 17-20 0.8 
8+00 0 0 5.1 54+00 12 0 0.6 104+00 150 14-17 0.7 
9+00 0 0 3.3 56+00 0 0 0.7 104+00 600 14-16 0.7 
10+50 12 0 3.3 66+00 0 0 0.5 108+00 0 0 0.7 
12+00 100 6 5.0 66+00 12 0 0.5 108+00 12 0 0.7 
14+00 0 0 1.3 66+00 50 0-9 0.5 108+00 50 0 0.7 
16+00 150 0-2 1.7 70+00 50 4-6 0.8 108+00 600 0-4 0.7 
18+00 12 0 1.4 
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August 14, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 








Sta. (feet) (feet) (%) 
0+00 12 0 19.5 100+00 50 0 0.6 
1+00 0 0 29.0 49+00 300 15-20 0.6 104+00 0 0 0.5 
2+00 12 0 74.4 49+00 400 7-22 0.6 104+00 12 0 0.5 
2+50 50 2 65.0 70+00 50 0-6 0.7 104+00 50 0 0.5 
3+50 200 11 22.8 70+00 150 4-7 0.7 104+00 150 0-18 0.5 
4+50 200 12 15.7 70+00 200 20-22 0.7 104+00 250 0-18 0.5 
5+00 200 12 10.6 75+00 50 0-2 0.6 104+00 350 0-19 0.5 
5+50 250 13 6.6 75+00 200 18-20 0.6 104+00 450 0-21 0.5 
6+50 350 13 7.5 79+00 50 0-15 0.5 104+00 500 0-21 0.5 
8+00 200 8 1.9 79+00 100 0-20 0.5 104+00 550 10-20 0.5 
10+00 500 16 4.0 79+00 150 5-20 0.5 104+00 600 14-18 0.5 
12+00 500 16 2.9 82+00 100 10-20 0.8 108+00 0 0 0.5 
14+00 300 17 1.9 86+00 100 0-9 0.8 108+00 12 0 0.5 
16+00 100 0 1.4 89+00 100 12-18 0.7 108+00 50 0 0.5 
16+00 150 0 1.4 92+00 100 16-20 0.6 108+00 100 0-10 0.5 
18+00 150 0,1 1.1 92+00 150 19-23 0.6 108+00 200 0-15 0.5 
22+00 200 4,5 1.1 92+00 250 21-26 0.6 108+00 300 0-17 0.5 
27+00 150 2,3 1.0 92+00 350 20-25 0.6 108+00 400 0-18 0.5 
35+00 500 14,15 1.1 92+00 400 17-25 0.6 108+00 450 0-18 0.5 
38+00 450 13-17 0.9 92+00 500 14-18 0.6 108+00 500 0-19 0.5 
44+00 400 17-20 0.8 92+00 550 12-17 0.6 108+00 550 0-21 0.5 
44+00 500 7-12 0.8 95+00 100 0-22 0.6 108+00 600 5-20 0.5 
47+00 400 9-24 0.6 95+00 150 12-24 0.6 
August 21, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 








Sta. (feet) (feet) (%) 
0+00 12 0 4.8 89+00 300 0-25 0.8 
1+00 100 0 70.5 38+00 150 0,1 1.8 89+00 350 0-25 0.8 
2+00 200 9 26.7 44+00 400 19,20 1.7 89+00 500 5-9 0.8 
2+50 50 0 75.0 48+00 300 19 1.4 92+00 250 12-25 0.8 
3+50 100 9 22.6 63+00 50 0 0.9 92+00 350 0-11 0.8 
4+50 200 10 18.3 63+00 300 0-7 0.9 92+00 400 0-10 0.8 
5+00 200 11 15.6 70+00 50 0 0.9 92+00 500 0-5 0.8 
5+50 12 0 8.4 70+00 250 17-22 0.9 95+00 150 11-22 0.8 
6+50 250 11 10.2 75+00 250 0-7 0.9 95+00 200 0-22 0.8 
8+00 200 9 6.7 75+00 300 0-7 0.9 95+00 250 0-10 0.8 
10+00 500 15 8.4 79+00 50 0-12 0.9 95+00 300 0-20 0.8 
12+00 100 7 6.0 79+00 250 6-16 0.9 95+00 350 0-17 0.8 
14+00 50 9 4.9 82+00 0 0 0.8 101+00 200 10-20 0.8 
16+00 150 8,9 3.7 82+00 450 0-2 0.8 101+00 450 0-4 0.8 
18+00 150 0,1 3.6 86+00 150 11-22 0.8 101+00 500 0-17 0.8 
22+00 200 9,10 2.9 86+00 350 0-12 0.8 104+00 0 0 0.8 
27+00 150 2 2.8 89+00 100 0-19 0.8 108+00 0 0 0.8 
35+00 50 5 2.0 89+00 200 0-24 0.8 108+00 12 0 0.8 
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July 31, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) 
0+00 0 0 20.3 12+00 0 0 2.1 61+00 0 0 0.7 
1+00 0 0 9.8 14+00 0 0 1.4 66+00 0 0 0.7 
1+00 12 0 9.8 16+00 0 0 1.6 70+00 0 0 1.0 
2+00 75 2 13.2 16+00 100 1 1.6 74+00 0 0 1.0 
2+50 50 2 16.1 18+00 0 0 1.5 79+00 50 8-15 1.0 
3+00 0 0 25.9 18+00 12 0 1.5 84+00 50 5-9 1.1 
3+50 200 12 3.2 22+00 0 0 1.6 89+00 500 13-16 1.0 
4+00 200 11 3.4 27+00 0 0 1.6 89+00 550 0-7 1.0 
4+50 0 0 2.1 35+00 0 0 0.7 95+00 100 15-22 1.0 
5+00 250 13 2.1 38+00 0 0 0.6 95+00 550 0,1 1.0 
5+50 0 0 3.0 38+00 12 0 0.6 98+00 50 0 1.0 
6+00 12 0 2.8 42+00 0 0 0.8 102+00 0 0 0.9 
6+50 12 0 3.5 42+00 12 0 0.8 102+00 12 0 0.9 
7+00 0 0 4.1 42+00 100 0,1 0.8 104+00 0 0 0.9 
8+00 12 0 4.8 49+00 100 0-9 1.0 104+00 12 0 0.9 
9+00 0 0 5.0 56+00 0 0 0.8 106+00 12 0 0.9 
9+00 12 0 5.0 56+00 12 0 0.8 108+00 12 0 0.6 
10+50 12 0 3.1 
August 7, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) 
0+00 12 0 26.7 12+00 0 0 1.5 50+00 300 22 0.8 
1+00 12 0 6.8 14+00 0 0 0.7 50+00 400 13-15 0.8 
2+00 100 8 8.6 14+00 12 0 0.7 69+00 300 19,20 0.9 
2+50 0 0 16.5 14+00 25 0 0.7 74+00 550 12-14 0.7 
3+00 0 0 27.5 16+00 100 4,5 0.8 79+00 150 18-22 0.6 
3+50 200 12 7.2 16+00 400 15,16 0.8 82+00 300 20-22 0.9 
4+00 200 12 4.7 18+00 0 0 0.6 82+00 400 15-20 0.9 
4+50 200 12 4.7 18+00 12 0 0.6 86+00 550 11-14 0.8 
5+00 12 0 2.9 22+00 50 0 0.5 92+00 550 10-12 0.8 
5+50 0 0 3.7 27+00 50 0 0.5 95+00 550 11-13 0.6 
6+00 0 0 4.4 27+00 100 0 0.5 100+00 550 12-14 0.6 
6+50 0 0 5.1 35+00 50 0-2 0.4 100+00 600 10-13 0.6 
7+00 0 0 6.1 35+00 100 0,1 0.4 104+00 50 0 0.5 
8+00 25 0 1.6 38+00 600 10,11 0.5 104+00 600 14-16 0.5 
10+00 0 0 1.5 44+00 500 20,21 1.5 108+00 550 17-20 0.5 
10+00 12 0 1.5 49+00 300 18-24 1.2 108+00 600 0-10 0.5 
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August 28, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) 
0+00 0 0 46.8 22+00 150 4 3.8 86+00 250 19-23 1.3 
0+50 0 0 47.2 27+00 500 8 3.7 86+00 350 22-25 1.3 
1+00 50 0 55.0 35+00 400 14,15 2.0 86+00 400 22-27 1.3 
1+00 100 0 55.0 38+00 500 14 2.9 86+00 450 22-26 1.3 
2+00 100 7 20.3 42+00 500 17 2.3 89+00 300 24-26 1.4 
2+50 12 0 35.3 42+00 600 7,8 2.3 89+00 400 20-26 1.4 
3+50 100 5 17.1 44+00 500 21 2.0 94+00 250 19-22 1.3 
4+50 100 8 17.5 46+00 400 17-20 1.8 98+00 250 17-20 1.4 
5+00 75 3 19.2 63+00 100 10-15 1.6 98+00 300 17-21 1.4 
5+50 250 11 17.5 63+00 200 7-18 1.6 98+00 350 18-21 1.4 
6+50 250 10 10.3 63+00 300 7-9 1.6 101+00 200 17-21 1.4 
8+00 150 8 11.7 63+00 300 18,19 1.6 101+00 300 17-21 1.4 
10+00 200 9 6.5 70+00 150 13-19 1.7 104+00 350 14-16 1.4 
10+00 300 11,12 6.5 70+00 200 10-20 1.7 104+00 450 16-19 1.4 
12+00 400 16 7.7 70+00 250 18-21 1.7 108+00 300 12-14 1.4 
14+00 300 16 25.9 76+00 150 14-19 1.6 108+00 400 12-15 1.4 
16+00 150 4,5 4.7 76+00 200 17-19 1.6 108+00 450 12-15 1.4 
18+00 100 6 5.2 82+00 300 11-17 1.3 
September 11, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) 
0+00 12 0 26.7 14+00 12 0 21.7 82+00 200 0,1 2.1 
0+50 12 0 31.5 16+00 0 0 14.7 86+00 150 0-4 1.7 
1+00 0 0 51.7 18+00 100 5 13.7 86+00 350 0,1 1.7 
2+00 50 0 74.3 22+00 12 0 11.8 89+00 200 0-5 1.6 
2+00 100 0 74.3 27+00 50 0 8.4 95+00 150 0-2 1.1 
2+50 25 0 71.3 35+00 0 0 4.9 95+00 250 0-23 1.1 
3+50 150 0 45.3 35+00 12 0 4.9 95+00 300 12-23 1.1 
4+50 100 0 33.0 38+00 0 0 4.5 98+00 50 0 1.2 
5+00 75 0 33.8 42+00 0 0 3.9 98+00 250 15-22 1.2 
5+50 0 0 25.2 42+00 12 0 3.9 101+00 50 0 1.1 
6+50 50 0 28.7 46+00 100 6,7 3.7 101+00 100 0-19 1.1 
8+00 0 0 25.2 50+00 100 8-10 3.2 101+00 200 11-22 1.1 
10+00 0 0 29.4 54+00 50 4,5 3.2 101+00 300 16-24 1.1 
10+00 12 0 29.4 70+00 12 0 2.4 104+00 50 0 1.1 
12+00 150 10 44.9 76+00 50 0-14 2.2 104+00 150 12-17 1.1 
14+00 0 0 21.7 76+00 150 0 2.2 108+00 300 0-3 1.5 
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September 18, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 















0+00 12 0 10.2 1.8 
0+50 100 0 6.9 18+00 300 0 11.9 74+00 450 6-9 1.8 
1+00 100 0 43.1 22+00 150 10 8.4 78+00 200 18-20 1.9 
2+00 12 0 76.7 27+00 150 0,1 9.6 82+00 300 11-16 1.8 
2+50 0 0 80.6 35+00 0 0 3.6 86+00 250 20-26 1.6 
3+50 200 0 16.8 38+00 12 0 3.9 86+00 300 21-28 1.6 
4+50 200 0 40.1 41+00 150 0 3.8 90+00 400 21-27 1.6 
5+00 75 3 17.8 44+00 150 7,8 2.9 90+00 450 10-24 1.6 
5+50 300 0 28.7 61+00 100 12,13 2.2 94+00 150 21-26 1.6 
6+50 150 4,5 18.7 61+00 150 8-12 2.2 98+00 250 21-23 1.6 
8+00 450 0 12.8 70+00 150 9-12 2.0 104+00 200 0-8 1.3 
10+00 100 0 15.3 70+00 200 8-10 2.0 106+00 350 8-11 1.8 
12+00 150 10 15.9 74+00 150 8-18 1.8 108+00 450 0-17 1.6 
14+00 100 11 11.4 74+00 200 9-19 1.8 108+00 500 0-5 1.6 
October 23, 1984 
Max. Max. Max. 
Dist. Depth Dye Dist. Depth Dye Dist. Depth Dye 
Sta. (feet) (feet) (%) Sta. (feet) (feet) (%) Sta. (feet) (feet) (%)  
0+00 12 0 25.2 12+00 25 0 11.7 48+00 50 8,9 1.5 
0+50 12 0 33.5 14+00 0 0 4.1 58+00 12 0 0.9 
1+00 12 0 62.9 16+00 150 0 6.6 61+00 350 0 1.1 
2+00 0 0 81.8 18+00 150 0 8.8 78+00 50 0-17 0.9 
2+00 12 0 81.8 22+00 50 0 4.6 78+00 100 0-22 0.9 
2+50 0 0 81.8 22+00 100 0 4.6 84+00 250 0,1 1.1 
2+50 12 0 81.8 27+00 50 0 2.1 89+00 50 0 0.8 
3+50 0 0 45.3 35+00 50 7 1.7 89+00 100 0-18 0.8 
4+50 0 0 39.7 35+00 100 0 1.7 92+00 100 0-2 0.8 
4+50 12 0 39.7 38+00 50 0-2 1.7 95+00 100 0-9 0.8 
5+00 12 0 24.0 41+00 50 0 1.4 99+00 50 0 0.6 
5+50 12 0 27.8 43+00 100 0,1 1.6 99+00 100 0-18 0.6 
6+50 0 0 45.5 47+00 100 0-2 1.8 104+00 50 0 0.6 
8+00 0 0 37.8 47+00 150 0,1 1.8 108+00 100 0-4 0.6 
10+00 0 0 18.8 
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Appendix H 
Data Used to Develop Mixing Zone Criteria 
187 
a. Transverse Distances From Shore 
At Flat Pool Elevation of 440.0 
Distance in Feet for Dye Percentages of 





7/12/84 160 145 140 130 125 80 
7/19 145 140 130 70 60 50 35 20 
7/31 360 240 112 105 87 80 55 20 
8/07 240 210 190 160 90 70 47 10 
8/14 380 340 325 295 120 220 165 150 
8/21 380 365 335 325 295 260 225 215 
8/28 395 380 365 335 260 235 205 160 
9/11 315 313 307 397 287 280 260 245 
9/18 460 455 450 430 410 390 330 260 
10/23 440 425 410 370 335 280 195 180 
b. Longitudinal Distances Below Station 1+50 
7/12/84 11,000 2,500 1,300 925 500 177 167 160 
7/19 2,850 1,150 1,000 650 340 170 150 130 
7/31 9,800 1,550 900 725 105 30 25 10 
8/07 4,750 650 600 575 185 20 15 ;-
8/14 3,600 1,200 800 370 360 355 130 120 
8/21 6,100 3,350 1,250 1,000 625 420 360 215 
8/28 12,000 4,250 2,750 1,650 1,100 700 430 180 
9/11 13,000 8,200 5,550 3,500 2,850 2,300 1,450 1,250 
9/18 13,000 6,850 4,200 3,200 2,750 1,900 1,250 1,150 
10/23 8,500 2,700 2,400 2,000 1,550 1,150 1,050 825 
c. Independent Parameters Related to Distances 
GPSD Flow River Flow GPSD Temp River Temp River Elev. 
Date (mgd) (cfs) (°C) (°C) (msl-400) 
7/12/84 37 10,156 24.0 29.5 40.48 
7/19 30 8,661 24.0 29.5 40.22 
7/31 25 7,820 25.0 30.5 40.12 
8/07 20 7,106 28.0 21.0 39.98 
8/14 40 8,394 25.5 29.5 40.38 
8/21 35 7,848 25.0 26.0 39.68 
8/28 45 6,088 26.1 25.8 39.47 
9/11 55 7,572 24.0 24.5 40.41 
9/18 50 5,224 22.5 21.0 40.56 
10/23 30 8,837 21.0 15.0 40.43 
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Appendix I 
Figures Showing the Transverse Distribution of the Tracer Dye 
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